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iAbstract
 " e Golpu porphyry and Wa!  epithermal deposit of Papua New Guinea contains contrasting styles 
of epithermal veins and alteration that overprinted early-formed porphyry-style mineralisation. Golpu is the 
easternmost and oldest porphyry deposit in a previously unrecognised belt that includes most of the porphyry 
deposits in the New Guinea Orogen. " is metallogenic belt was formed in an orogenic regime that was driven by 
west-directed, low-angle subduction of an antiformal slab of oceanic lithosphere (the Solomon Sea Plate). 
 " e regional stratigraphy at Golpu comprises Mesozoic metasedimentary rocks of lower to middle green-
schist metamorphic facies. " ese rocks were intruded in the study area by Golpu and Nambonga diorites, which 
have calc-alkaline to high-K calc-alkaline arc geochemical characteristics. Early porphyry veins and alteration 
followed emplacement of the Golpu diorites. Porphyry activity culminated in the main stage of Cu-Au miner-
alisation around 8.67 ± 0.02 Ma, resulting in an unusually high-grade (1 Gt @ 0.90% Cu and 0.63 ppm Au) and 
vertically elongated (> 1.8 km) orebody. Golpu sul! des de! ne a zonation pattern from chalcopyrite with trace 
bornite, to chalcopyrite > pyrite, to distal pyrite > chalcopyrite. " ey also de! ne zonation in sulfur isotopic com-
positions (e.g.,  δ34S
sul! des
 from proximal -0.9 to distal +2.0 ‰). 
 A maar-diatreme breccia complex was emplaced a& er the Golpu porphyry mineralisation, followed by 
the main stage of Wa!  epithermal mineralisation and alteration. Zones of pervasive high sul! dation alteration 
containing quartz, alunite, pyrophyllite, kaolinite, dickite, and diaspore occur above and overprint the Golpu 
porphyry. " ese zones contain vein and disseminated pyrite - covellite - chalcocite - tennantite ± enargite ± 
bornite atop the porphyry, to distal disseminated pyrite - sphalerite ± tennantite. δ34S
alunite
 values vary from 
+6.3 ‰, directly above Golpu, to +19.4 ‰, 600 metres west of Golpu.
 An arcuate zone of intermediate sul! dation epithermal carbonate - sul! de ± quartz ± adularia veins 
and montmorillonite - chlorite ± muscovite ± illite alteration occurs along the margins of the high sul! dation 
domain. Most of the Wa!  epithermal gold resource (136 Mt @ 1.70 ppm Au) occurs in the intermediate sul! da-
tion zone nearest the Wa!  high sul! dation alteration. " e intermediate sul! dation epithermal mineralisation 
transitions down the north-dipping Compass fault into the Golpu porphyry environment, where sparse veins of 
tennantite - sphalerite - galena - chalcopyrite are interpreted as the basal component of intermediate sul! dation 
epithermal veins.
 " e temporal and spatial con! guration of veins and alteration assemblages at Golpu and Wa!  indicate 
that the Golpu porphyry was the causative intrusive complex for both porphyry and epithermal mineralisation. 
Upli&  and exhumation during the life of the porphyry system was driven by low-angle subduction, and resulted 
in a shi&  from porphyry to epithermal magmatic-hydrothermal activity over a period of 0.25 to 0.40 m.y.. 
ii
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Figure 2.4: Lithotectonic domains of New 
Guinea on the basis of rock types and ages, 
locations of thrust faults, and topogra-
phy (Williamson and Hancock, 2005, with 
structures from Buddin, 1993). Maramuni 
Arc intrusions (labeled) are from Cloos 
et al. (2005). Golpu is located in the Wau 
basin, along the eastern part of the N-S Aure 
Deformation Zone. " e box shows the loca-
tion of regional geology and structure maps 
of the Markham area (Figs. 2.5 and 2.6).
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Table 3.3: Summary of the mineralogy and primary phenocryst content of least-altered Golpu diorites
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Table 4.3: Mineralogy of stage IIb orthoclase-altered and porphyry mineralised diorite
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Table 4.4: Mineralogy of stage IIc porphyry mineralised Golpu diorite
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Table 4.5: Mineralogy of stage IVa kaolinite - dickite - muscovite - pyrite altered rocks (the lowermost zone 
of pervasive stage IV alteration)
Ý Þ ß à á â ã â ä å æ ç à è ç é ê
Ý Þ ß à á â
á é å Þ è ç é ê Ý ë ß ß Þ æ ì é í î ë á ï ß ç ê â æ Þ á é ð ì ñ ò é á ó î ì ô ë Þ ê è ç è Þ è ç ò â õ ö ÷ ø
Ý è æ é ê ð à â æ ò Þ ä ç ò â ï Þ é á ç ê ç è â ù ã ç å ï ç è â ù à ì æ ç è â Þ á è â æ â ã
ß â è Þ ä Þ ê ã ä è é ê â ú
ö û ü ý þ
ß      ü ß
ü  ó ô ë Þ æ è  þ ü ß ó ï Þ é á ç ê ç è â ù ã ç å ï ç è â  þ  ó à ì æ ç è â

é ã â æ Þ è â à â æ ò Þ ä ç ò â ï Þ é á ç ê ç è â ù ß ë ä å é ò ç è â ù à ì æ ç è â
Þ á è â æ â ã ß â è Þ ä Þ ê ã ä è é ê â ú
ö û û  þ
ß     ß  
ó ô ë Þ æ è  þ 	 û ó ï Þ é á ç ê ç è â ù ã ç å ï ç è â  þ  ó ß ë ä å é ò ç è â þ  ó à ì æ ç è â
Ý è æ é ê ð à â æ ò Þ ä ç ò â ß ë ä å é ò ç è â ù à ì æ ç è â Þ á è â æ â ã ß â è Þ ä ç á è ù
ä è é ê â ú
ö û ß  þ
ü ü ü    ß
û ý ó ô ë Þ æ è  þ 	 ý ó ß ë ä å é ò ç è â þ ß  ó à á Þ ð ç é å á Þ ä â ñ 
 Þ á î ç è â ø þ




ö Þ ê Þ á ì ä â ä ç ê ã ç å Þ è â î é è  ï Þ é á ç ê ç è â Þ ê ã ã ç å ï ç è â Þ æ â à æ â ä â ê è   é è Þ á ä ã é ê é è Þ ã ã è é ß
 
î â å Þ ë ä â è æ Þ å â å é ß à é ê â ê è ä Þ æ â ê é è à æ â ä â ê è â ã
ç ê è  ç ä è Þ î á â 
Table 4.6: Mineralogy of stage IVa alunite - quartz - pyrite ± kaolinite ± pyrophyllite altered rocks (zones of 
pervasive alteration overlying the zone of pervasive kaolinite alteration)
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Table 4.7: Mineralogy of stage IV intermediate sul! dation epithermal alteration west of Golpu
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Table 4.8: Mineralogy of stage IV intermediate sul! dation alteration south and west of Golpu
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± ² ³ ´ µ ¶ · ¸ ¹ º » ¶ ¼ ¸ µ
½ ¾ ¿ À Á ¾ Â Ã Ä Å Æ Ã Æ Å À Å Ç Ä À Â È Å Ç Å Ä ¿ Á É Ê Ë Å Ì Í Ê Æ Ä ¾ Å Î Â Ï Ð Ñ Ê Ì Ã Ò Ë Å Ã Ê À ¿ Ä Ó Ô Â À Å Ë Ê Ç Ä ¾ Å Ë Å Ã Ê À ¿ Ä Á ¾ Â Æ Â Á Ä Å Æ ¿ À Ä ¿ Á À
Ë Ê Á Ò É Å Ç Ä Å Ë ¿ Ç Ã Æ Å Õ ¿ Ê Ò À Á ¾ Â Ã Ä Å Æ À Ö ½ ¾ Å É Ê Ë Å Ì ¿ Ë Å Ç Ä ¿ Ï Å À Ä ¾ Å Æ Å È ¿ Ê Ç Â Ì Ä Å Á Ä Ê Ç ¿ Á Á Ê Ç Ä Æ Ê Ì À Ê Ç Ñ Ê Ì Ã Ò Ã Ê Æ Ã ¾ × Æ ×
¿ Ç Ä Æ Ò À ¿ Ê Ç Â Ç Ë Ò Ã Ì ¿ Í Ä Ó ¾ ¿ È ¾ Ì ¿ È ¾ Ä ¿ Ç È Â Ç Ò Ç Ò À Ò Â Ì À Ä × Ì Å Ê Í Ì Ê Ø Ð Â Ç È Ì Å À Ò Ô Ë Ò Á Ä ¿ Ê Ç Æ Å Ì Â Ä Å Ë Ä Ê Ã Ê Æ Ã ¾ × Æ × Ê Æ Å È Å Ç Å À ¿ À Ö ½ ¾ Å
É Ê Ë Å Ì Â Ì À Ê À Ò É É Â Æ ¿ À Å À Ä ¾ Å Ë Å Ã Ê À ¿ Ä Ð À Á Â Ì Å Ä Æ Â Ç À ¿ Ä ¿ Ê Ç Í Æ Ê É Ã Ê Æ Ã ¾ × Æ × Ä Ê Å Ã ¿ Ä ¾ Å Æ É Â Ì À Ä × Ì Å À Ê Í Õ Å ¿ Ç À Â Ç Ë Â Ì Ä Å Æ Â Ä ¿ Ê Ç Ó
¾ ¿ È ¾ Ì ¿ È ¾ Ä ¿ Ç È Ä ¾ Å Å Õ ¿ Ë Å Ç Á Å Í Ê Æ Â È Å Ç Å Ä ¿ Á Æ Å Ì Â Ä ¿ Ê Ç À ¾ ¿ Ã Ô Å Ä Ø Å Å Ç Ä ¾ Å Ã Ê Æ Ã ¾ × Æ × Â Ç Ë Å Ã ¿ Ä ¾ Å Æ É Â Ì Å Ç Õ ¿ Æ Ê Ç É Å Ç Ä À Ö Ù
Ë ¿ À Á Ò À À ¿ Ê Ç Ê Í Ä ¾ Å ¿ É Ã Ì ¿ Á Â Ä ¿ Ê Ç À Ê Í Ä ¾ ¿ À À Ä Ò Ë × ¿ À Í Ê Ì Ì Ê Ø Å Ë Ô × Æ Å Á Ê É É Å Ç Ë Â Ä ¿ Ê Ç À Í Ê Æ Í Ò Ä Ò Æ Å Æ Å À Å Â Æ Á ¾ Ö
± ² Ú Û Ü µ Ü ¶ ¼ » Ý ¸ ¹ Ü Þ
± ² Ú ² ³ ß Ü à ¼ ¸ µ á Þ Û Ü ¸ ¹ â µ á ã ¼ » á µ ¹ Ý Ü ¶ á Þ Þ ¸ à Ü µ ¼ » Ý ¸ ¹ Ü Þ
ä Ç å ¾ Â Ã Ä Å Æ ½ Ø Ê Ó Â Á Ê É Ô ¿ Ç Â Ä ¿ Ê Ç Ê Í À Å ¿ À É ¿ Á Ë Â Ä Â Ó Ã Â Ì Å Ê Ä Å Á Ä Ê Ç ¿ Á Æ Å Á Ê Ç À Ä Æ Ò Á Ä ¿ Ê Ç À Ó Â Ç Ë Ã Ê Æ Ã ¾ × Æ × Ë Å Ã Ê À ¿ Ä
Â È Å À Ø Å Æ Å Á Ê É Ã ¿ Ì Å Ë ¿ Ç Â Ç Å Ø Ä Å Á Ä Ê Ç ¿ Á Ð É Å Ä Â Ì Ì Ê È Å Ç ¿ Á É Ê Ë Å Ì Í Ê Æ Ä ¾ Å æ Å Ø Ñ Ò ¿ Ç Å Â ç Æ Ê È Å Ç è é ¿ È Ö ê Ö ë ì Ö ä Ç Ä ¾ ¿ À É Ê Ë Å Ì Ó
É Ê À Ä Ê Í Ä ¾ Å Ã Ê Æ Ã ¾ × Æ × Ë Å Ã Ê À ¿ Ä À ¿ Ç Ä ¾ Å æ Å Ø Ñ Ò ¿ Ç Å Â ç Æ Ê È Å Ç è ¿ Ç Á Ì Ò Ë ¿ Ç È Ñ Ê Ì Ã Ò ì Â Æ Å Ã Â Æ Ä Ê Í Ä ¾ Å í Ê À Ä Ð î Â Æ Â É Ò Ç ¿
É Å Ä Â Ì Ì Ê È Å Ç ¿ Á Ô Å Ì Ä Ó Ø ¾ ¿ Á ¾ Í Ê Æ É Å Ë ¿ Ç Â Ì Ê Ø Ð Â Ç È Ì Å À Ò Ô Ë Ò Á Ä ¿ Ê Ç Æ Å Ì Â Ä Å Ë Ê Æ Ê È Å Ç ¿ Á Æ Å È ¿ É Å è é ¿ È Ö ê Ö ï ì Ö ð Å × Ä Å Á Ä Ê Ç ¿ Á
Ë Æ ¿ Õ Å Æ À Ä Ê Ä ¾ Å Í Ê Æ É Â Ä ¿ Ê Ç Ê Í Ä ¾ Å í Ê À Ä Ð î Â Æ Â É Ò Ç ¿ É Å Ä Â Ì Ì Ê È Å Ç ¿ Á Ô Å Ì Ä Ø Å Æ Å ñ
• ò
ê ó î Â ñ ä Ç ¿ Ä ¿ Â Ä ¿ Ê Ç Ê Í À Ê Ò Ä ¾ Ø Â Æ Ë À Ò Ô Ë Ò Á Ä ¿ Ê Ç Â Ì Ê Ç È Ä ¾ Å ½ Æ Ê Ô Æ ¿ Â Ç Ë Ð Î Å Ø Â ô Ä Æ Å Ç Á ¾ è é ¿ È Ö ê Ö ê ì Æ Å À Ò Ì Ä Å Ë ¿ Ç
î Â Æ Â É Ò Ç ¿ Ô Å Ì Ä Ã Ê Æ Ã ¾ × Æ × Ð Å Ã ¿ Ä ¾ Å Æ É Â Ì Ë Å Ã Ê À ¿ Ä À Í Ê Æ É ¿ Ç È Ô Å Ä Ø Å Å Ç õ ö Â Ç Ë õ ê î Â è é ¿ È Ö ê Ö ï ì Ö
• ò
õ ÷ Ð õ ê î Â ñ Ù Á Ê É Ô ¿ Ç Â Ä ¿ Ê Ç Ê Í Å Â À Ä Ä Ê Ø Å À Ä Á Ì Ê À Ò Æ Å Ê Í ½ Æ Ê Ô Æ ¿ Â Ç Ë À Ò Ô Ë Ò Á Ä ¿ Ê Ç Ó ¿ Ç ¿ Ä ¿ Â Ä ¿ Ê Ç Ê Í Ç Ê Æ Ä ¾ Ð Ë ¿ Æ Å Á Ä Å Ë
À Ò Ô Ë Ò Á Ä ¿ Ê Ç Â Ì Ê Ç È Ä ¾ Å æ Å Ø ø Æ ¿ Ä Â ¿ Ç ½ Æ Å Ç Á ¾ Ó Â Ç Ë Â Á Á Æ Å Ä ¿ Ê Ç Ê Í Ä ¾ Å î Å Ì Â Ç Å À ¿ Â Ç Ù Æ Á Ä Ê Ä ¾ Å Ç Ê Æ Ä ¾ Å Æ Ç É Â Æ È ¿ Ç Ê Í
æ Å Ø Ñ Ò ¿ Ç Å Â Æ Å À Ò Ì Ä Å Ë ¿ Ç Â Ç Ä ¿ Í Ê Æ É Â Ì Ë Å Í Ê Æ É Â Ä ¿ Ê Ç Ê Í Ä ¾ Å ù Ê Ì Ê É Ê Ç ù Å Â í Ì Â Ä Å è é ¿ È À Ö ê Ö ú Ó ê Ö ë ì Ö
• ò
õ ê î Â Ä Ê Ã Æ Å À Å Ç Ä Ë Â × ñ ù ¾ Â Ì Ì Ê Ø Ø Å À Ä Ð Ë ¿ Æ Å Á Ä Å Ë À Ò Ô Ë Ò Á Ä ¿ Ê Ç Ê Í Ä ¾ Å ù Ê Ì Ê É Ê Ç ù Å Â í Ì Â Ä Å Â Ç Ä ¿ Í Ê Æ É Æ Å À Ò Ì Ä Å Ë ¿ Ç
Â Ø Å À Ä Ø Â Æ Ë Ð É ¿ È Æ Â Ä ¿ Ç È Ê Æ Ê È Å Ç ¿ Á Í Æ Ê Ç Ä Ö å Ê É Ã Æ Å À À ¿ Ê Ç Ó Ò Ã Ì ¿ Í Ä Ó Â Ç Ë Å û ¾ Ò É Â Ä ¿ Ê Ç Ë Æ ¿ Õ Å Ç Ã Æ ¿ É Â Æ ¿ Ì × Ô × Ä ¾ Å Ø Å À Ä Ð
Ë ¿ Æ Å Á Ä Å Ë Ì Ê Ø Ð Â Ç È Ì Å À Ò Ô Ë Ò Á Ä ¿ Ê Ç Ø Å Æ Å Á Æ ¿ Ä ¿ Á Â Ì Ä Ê Ä ¾ Å Í Ê Æ É Â Ä ¿ Ê Ç Ê Í Î Â Ï Ð Ñ Ê Ì Ã Ò Ó Â Ì Ê Ç È Ø ¿ Ä ¾ É Ê À Ä Ê Í Ä ¾ Å Ê Ä ¾ Å Æ
Ã Ê Æ Ã ¾ × Æ × Ë Å Ã Ê À ¿ Ä À ¿ Ç Ä ¾ Å æ Å Ø Ñ Ò ¿ Ç Å Â ç Æ Ê È Å Ç è é ¿ È Ö ê Ö ï ì Ö
± ² Ú ² Ú Û Ü µ Ü ¶ ¼ » Ý ¸ ¹ Ü Þ ü ¸ · ý á þ ß Û ¸ Þ   º Ý ¼ µ Ü · á Þ ¼  á ¶ ¼ ¸ µ
½ ¾ Å Õ Å ¿ Ç À Â Ç Ë Â Ì Ä Å Æ Å Ë Æ Ê Á ô À Ê Í Ä ¾ Å Î Â Ï Ð Ñ Ê Ì Ã Ò Ë Å Ã Ê À ¿ Ä Æ Å Á Ê Æ Ë Â Í Ê Ò Æ À Ä Â È Å Å Õ Ê Ì Ò Ä ¿ Ê Ç Í Æ Ê É Ã Ê Æ Ã ¾ × Æ ×
Ä Ê ¾ ¿ È ¾ Â Ç Ë ¿ Ç Ä Å Æ É Å Ë ¿ Â Ä Å À Ò Ì Ï Ë Â Ä ¿ Ê Ç Å Ã ¿ Ä ¾ Å Æ É Â Ì À Ä × Ì Å À Ê Í É ¿ Ç Å Æ Â Ì ¿ À Â Ä ¿ Ê Ç Ó Â Ì Ì Ê Í Ø ¾ ¿ Á ¾ Â Æ Å Ò Ì Ä ¿ É Â Ä Å Ì × Æ Å Ì Â Ä Å Ë
Ä Ê Ä ¾ Å Ñ Ê Ì Ã Ò ¿ Ç Ä Æ Ò À ¿ Ê Ç À è é ¿ È À Ö  Ö õ Ó  Ö õ ì Ö ù Ä Â È Å ä Ø Â À Â É ¿ Ç Ê Æ Ã Ê Æ Ã ¾ × Æ × Ê Æ Å Ð Í Ê Æ É ¿ Ç È Å Õ Å Ç Ä Â À À Ê Á ¿ Â Ä Å Ë Ø ¿ Ä ¾ Ä ¾ Å
Å É Ã Ì Â Á Å É Å Ç Ä Ê Í Ä Ø Ê Ñ Ê Ì Ã Ò Ë ¿ Ê Æ ¿ Ä Å ¿ Ç Ä Æ Ò À ¿ Ê Ç À Â Ä ï Ö ó õ  ó Ö õ  î Â Â Ç Ë ë Ö ï ú  ó Ö ê Ä Ê ë Ö ö ï  ó Ö õ ö î Â è é ¿ È Ö ÷ Ö õ ì Ö
½ ¾ Å À Ä Â È Å ä ä ¾ Ê Æ Ç Ô Ì Å Ç Ë Å Ð Ã ¾ × Æ ¿ Á Ñ Ê Ì Ã Ò Ë ¿ Ê Æ ¿ Ä Å Ø Â À Å É Ã Ì Â Á Å Ë Ô Å Ä Ø Å Å Ç ë Ö ë   ó Ö ê ê î Â Â Ç Ë ë Ö ÷ ï  ó Ö ê ê î Â Ö ½ ¾ Å
Ñ Ê Ì Ã Ò Ë ¿ Ê Æ ¿ Ä Å À ¾ Â Õ Å Â Æ Á È Å Ê Á ¾ Å É ¿ Á Â Ì Á ¾ Â Æ Â Á Ä Å Æ ¿ À Ä ¿ Á À À Ò Á ¾ Â À ¿ Ç Ä Å Æ É Å Ë ¿ Â Ä Å Ä Ê Í Å Ì À ¿ Á Â Ç Ë Á Â Ì Á Ð Â Ì ô Â Ì ¿ Ç Å Ä Ê ¾ ¿ È ¾ Ð ð
Á Â Ì Á Ð Â Ì ô Â Ì ¿ Ç Å Á Ê É Ã Ê À ¿ Ä ¿ Ê Ç À Ó Í Æ Â Á Ä ¿ Ê Ç Â Ä Å Ë    Ã Â Ä Ä Å Æ Ç À è Å Ö È Ö Ó Ì Å Â À Ä Ð Â Ì Ä Å Æ Å Ë  Â  	 Ô 
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â ã ä å æ ç å è ã é ê ë ì å í î í ï ð å ñ ê ò ó ô ò ó õ ö ÷ í ø ù ú û ã î í ü í ý þ ß í â   å ë è ñ î å    é ç æ  ä ã é  ã è å   ñ ë ç é  å  è é è ñ ç     é ê è å ê è ë
è   ñ ê è   å ë è ñ î å  ã ê è   ë ã é ê ë ï ñ ç é ê î  ã è    é ê 	 å 
    é ê ä  ã è å  ê é  ð ñ ç ã ë å ä     è é     æ  é  ç å ë ì û ã î í ü í  ü ß è   ñ è ñ  å
ã ê è å  æ  å è å ä è é ã ê ä ã  ñ è å   é  ê ó ç å ê ä å   ñ  è ã é ê ñ è ã é ê   é ð ñ    ä  é  ë æ ñ  å ê è ð ñ î ð ñ í

è ñ î å   ñ   ñ  è   ð é ç  ó ä å ê ã è å  ñ ê    ä  ã è å 	 å ã ê ë  é  ð å ä ó å è  å å ê ù í ù ü  ÷ í ÷ ø ñ ê ä ù í  ü  ÷ í ÷ ø  ñ ï
ó ñ ë å ä é ê  å   ë ä ñ è ã ê î é  ð é ç  ó ä å ê ã è å ì â ñ ó ç å  í ý ï û ã î í  í ý ß í â   å ñ ë ë é  ã ñ è å ä ñ ç è å  ñ è ã é ê ñ ë ë å ð ó ç ñ î å ë  é ð æ  ã ë å
ó ã é è ã è å  æ å  è   ã è å ì é  è   é  ç ñ ë å  ñ ç ó ã è å ß è   ñ è è  ñ ê ë ã è ã é ê ë é  è  ñ  ä ë è é ð  ë  é 	 ã è å     ç é  ã è å ñ ê ä    ç é  ã è å  ñ  è ã ê é ç ã è å
 å æ ã ä é è å ñ ç è å  ñ è ã é ê ï  ã è   ó ã é è ã è å ä ñ è å ä ñ è ù í  ø  ÷ í ÷ ø  ñ ì â ñ ó ç å  í ý ï û ã î í  í ý ß í

è ñ î å   ó   å ð ñ è ã è å 	 å ã ê ë  ã è  
ð ñ î ê å è ã è å ñ ç è å  ñ è ã é ê   ñ ç é ë ï ñ ê ä ä ã ë ë å ð ã ê ñ è å ä   å ð ñ è ã è å è   ñ è é     ë ñ ç é ê î è   å ä é ð ñ ã ê    å  å ó ã é è ã è å ñ ç è å  ñ è ã é ê
è  ñ ê ë ã è ã é ê ë è é ð  ë  é 	 ã è å ñ ç è å  ñ è ã é ê ï ã ê ä ã  ñ è å è   ñ è  é ç æ  ð ñ î ð ñ è ã    ã ä ë  å  å  å ç ñ è ã 	 å ç  é 
 ã ä ã ë å ä ì ë  ç  ñ è å  ë è ñ ó ç å ú
å í î í ï  é é ff å ñ ê ä

ã ð ð é ê ë ï  ÷ ÷ ÷ ß  ã è    å ë æ å  è è é è   å ð å è ñ ë å ä ã ð å ê è ñ    ñ ç ç  é  ff í â   å è  ñ ê ë ã è ã é ê   é ð ä é ð ã ê ñ ê è ç 
é 
 ã ä ã ë å ä ð ñ î ð ñ è ã   é ê ä ã è ã é ê ë è é  å ç ñ è ã 	 å ç   å ä   å ä  é ê ä ã è ã é ê ë ã ê è   å ð å è ñ ë å ä ã ð å ê è ñ    ñ ç ç  é  ff ã ë ã ê è å  æ  å è å ä è é
  ñ 	 å  å ë  ç è å ä ã ê è   å  é ê ñ è ã é ê é   é ç æ  ë  ç    ã ë é è é æ ã   é ð æ é ë ã è ã é ê ë ì fi fl ffi
   ! " # $ % & '
  é ð æ  é 
 ã ð ñ ç 	 ñ ç  å ë é  ( ) í  è é
ä ã ë è ñ ç ( ý ý í ü * ï ñ ê ä fi fl ffi
 + , - . # ' +
  é ð æ  é 
 ã ð ñ ç  ÷ í ) è é ä ã ë è ñ ç (  í ÷ * ú û ã î í  í  ý ß í

è ñ î å     ç ð ã ê ñ è å ä ã ê è   å ð ñ ã ê ë è ñ î å é     /  ð ã ê å  ñ ç ã ë ñ è ã é ê ñ è ù í þ   ÷ í ÷   ñ ï ó ñ ë å ä é ê /   /  ä ñ è ã ê î
é  ë è ñ î å    ó ã é è ã è å ì â ñ ó ç å  í ý ï û ã î  í ý ß í

è ñ î å   	 å ã ê ñ ê ä ä ã ë ë å ð ã ê ñ è å ä    ñ ç  é æ   ã è å ï æ   ã è å ï ñ ê ä ó é  ê ã è å
ñ  å ä ã ë è  ã ó  è å ä ñ ó é  è è   å ë è ñ î å    é ç æ  ä ã é  ã è å ì û ã î í ø í ý ø ß ï ñ ê ä  é ê è  ã ó  è å ä è é ñ ê  ê  ë  ñ ç ç    ã î    î  ñ ä å
ì ý  è ñ è ÷ í ) ÷ 0   ñ ê ä ÷ í þ ü æ æ ð /  ß ñ ê ä 	 å  è ã  ñ ç ç  å ç é ê î ñ è å ä ì 1 ý í ù ff ð ß æ é  æ      é  å ó é ä  í

è ñ î å   ë  ç  ä å ë
ä å  ê å ñ ó  é ñ ä  é ê ñ è ã é ê æ ñ è è å  ê   é ð æ  é 
 ã ð ñ ç    ñ ç  é æ   ã è å  ã è   è  ñ  å ó é  ê ã è å ï è é    ñ ç  é æ   ã è å 1 æ   ã è å ï è é
ä ã ë è ñ ç æ   ã è å 1    ñ ç  é æ   ã è å ì û ã î í ø í ý ø ß í  é ç ä é     ë æ  ã ð ñ  ã ç  ñ ë ê ñ è ã 	 å ã ê  ç  ë ã é ê ë  æ è é ù ÷
µ
ð ä ã ñ ð å è å  ã ê
   ñ ç  é æ   ã è å ï ó é  ê ã è å ï ñ ê ä æ   ã è å ì å í î í ï û ã î í ø í  ÷ ß í /   å ë ë é   æ   ñ ë å ë ã ê  ç  ä å    æ é î å ê å  ñ ç  ã è å ï ó ñ  ã è å ï   è ã ç å ï
ê ñ è ã 	 å ó ã ë ð  è   ï ñ ê ä   ó ñ ê ã è å í  ñ î ê å è ã è å    å ð ñ è ã è å ã ê è å  î  é  è   ë é     ã ê ë å 	 å  ñ ç é  è   å ð ñ ã ê ë è ñ î å î é ç ä  ó å ñ  ã ê î
	 å ã ê ë ì å í î í ï û ã î í ø í  ý 2 ß ï ë  î î å ë è ã ê î è   ñ è é 
 ã ä ñ è ã é ê é  ã  é ê é      å ä ä   ã ê î è   å  é  ð ñ è ã é ê é  æ é  æ      ë  ç  ä å é  å
ì ñ ë ã ê

 ê å è ñ ç í ï  ÷ ý ü ß í

è ñ î å   æ é  æ      ð ã ê å  ñ ç ã ë ñ è ã é ê  ñ ë é 	 å  æ  ã ê è å ä ó   æ  ñ  ä   ñ  ã ê î ä é ð ñ ã ê ë é    ñ  è  ï ð  ë  é 	 ã è å ï
ñ ê ä æ   ã è å 	 å ã ê ë ñ ê ä ñ ç è å  ñ è ã é ê ì ë è ñ î å    ú û ã î ë í ø í  ü ï þ í ý ß í

è ñ î å      ñ  è   æ   ã è å 	 å ã ê ë è  ñ ê ë ã è ã é ê  æ  ñ  ä ë
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For example, 8 vol % relict hornblende phenocrysts up 
to 1.5 mm long may be described as follows: “
î
8) / 0.6 - 1.5 mm / subhedral rhombs replaced by biotite and 
trace disseminated chalcopyrite.” ò
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Hole ID 177 177 199
Depth (m) 310.7 369.5 269.8
Representative of: Zone Zone Zone
Protolith lithotype Metasiltstone Metasiltstone Metasiltstone
Mineral assemblage Muscovite-pyrite, quartz-pyrite-adularia Muscovite-pyrite, quartz-pyrite-adularia Biotite, muscovite, quartz-pyrite-adularia
Alteration texture Pervasive, vein, and vein halo Pervasive, vein, and vein halo Vein and vein halo
Alteration intensity Intense Intense Intense
Description Light tan to rusty (jarosite + hematite-stained), 
intensely muscovite-altered metasiltstone 
with disseminated and vein pyrite. Most of 
the protolith minerals are obscured by intense 
muscovite (+ clay?) alteration. Quartz - pyrite 
veins make up ~ 8 % of the thin section. 
Tan muscovite - clay - pyrite altered metasilt-
stone cut by ~ 10 % quartz - pyrite veins < 2 
mm wide. " in section reveals that the quartz-
pyrite veins taper to anastomosing arrays of 
veinlets < 0.1 mm wide. 
Mottled dark grey and tan, intensely altered 
metasiltstone with ~ 10 % quartz-pyrite veins < 
3 mm across, with muscovite alteration halos < 
1 cm wide. " e muscovite alteration halos have 




Link Zone sample. Pyrrhotite inclusions < 0.1 
mm across occur in some disseminated pyrite 
grains
Link Zone. 8.3 % S Link Zone. Earlier biotite evident in replace-
ment of plagioclase grains between vein halos, 
also visible in hand sample
Au (ppm) 16 7.35 0.95
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
50 / vfgr / rounded clasts throughout 44 / vfgr / rounded clasts throughout 40 / vfgr / rounded clasts throughout
Quartz (vein)
5 / < 4 mm wide / irregular veinlets with pyrite 
and trace orthoclase (adularia) 
10 / < 2 mm wide 5 / < 3 mm wide / veins with pyrite and trace 
orthoclase (adularia) 
Plagioclase
(30?) / vfgr / possible relict clasts, rounded as in 
quartz grains
(30?) / vfgr / possible relict clasts, rounded as in 
quartz grains, muscovite altered
(30?) / vfgr / possible relict clasts, rounded as in 
quartz grains
Orthoclase
< 1 / vfgr / irregular sericite-dusted lenses 
within quartz - pyrite veins





6 / vfgr / pleochroic brown replacement of 
siltstone grains (plagioclase?)
Chlorite
< 1 ? / possible association with biotite
Actinolite
Muscovite (visible)
5 / vfgr / vein halos to quartz - pyrite veins 8 / vfgr / vein halos to quartz - pyrite veins
Muscovite (sericite) 
and / or clays
30 / throughout sample, producing semi 
opaque appearance
40 / throughout sample, weakly selective a& er 
grains (of plagioclase?)
30 / throughout sample, more pronounced with 
proximity to veins
Hematite (dusty) 2 / throughout sample, mostly near pyrite 1 / throughout sample
Calcite
Other carbonate






8 / < 0.2 / most as very ! nely disseminated 
grains, some irregular aggregates in veins
5 / < 0.4 / mostly irregular aggregates in veins, 
some as very small disseminations
8 / < 0.1 / most as very ! nely disseminated 










Arsenopyrite 3 ? / ! ne coatings on pyrite
Other mineral 
(speci! ed)
Pyrrhotite < 1 / < 0.1 / rounded inclusions 




Hole ID 199 301 301
Depth (m) 285.0 150.0 353.8
Representative of: Zone Zone Zone
Protolith lithotype Metasiltstone Wa!  breccia complex Metasiltstone
Mineral assemblage Muscovite-pyrite, quartz-pyrite-adularia Kaolinite-alunite-muscovite-pyrite Muscovite-kaolinite-pyrite 
Alteration texture Pervasive and vein halo Pervasive to selective Pervasive, vein, and vein halo
Alteration intensity Intense Strong Intense
Description Tan to light grey, muscovite - clay - pyrite al-
tered metasiltstone cross-cut by quartz - pyrite 
- adularia veins. Grey-tinged high-As pyrite 
or arsenopyrite occur as acicular rims to some 
pyrite grains. Many pyrite grains contain inclu-
sions of chalcopyrite and pyrrhotite.
White or very pale tan, strongly sericite - clay 
- alunite (+pyrophyllite) altered, fragment-sup-
ported chaotic polymict breccia, with angular 
fragments 0.1-2  mm across. 
Light tan-pink, intensely clay (kaolinite?) - 
muscovite - hematite altered metasiltstone, with 
several quartz - pyrite - muscovite veins con-
taining quartz and muscovite alteration halos
Notes, 
interpretation 
Link Zone. Appears to contain few fragments in hand 
sample, but thin section shows abundant frag-
ments < 2 mm long
Au (ppm) 3.67 0.08 0.58
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
41 / vfgr / rounded clasts 20 / < 0.5 / anhedral 60 / vfgr / rounded clasts
Quartz (vein)
20 / < 8 mm wide 5 / < 1 mm wide
Plagioclase
(20) / < 0.5 / anhedral in in! ll, and relict 
(sericite-replaced) fragments < 2 mm long
(20?) likely relict siltstone grains, not identi! -
able due to clay alteration
Orthoclase
5 (adularia) / < 1 / aggregates in quartz veins, 
con! rmed by SEM
Hornblende 
(relict)
(10) / 0.2 - 0.6 / anhedral to subhedral relict 
fragments replaced by biotite or clays
Biotite




5 / vfgr / as halos to quartz - pyrite veins
Muscovite (sericite) 
and / or clays
15 / pervasive 45 // preferentially a& er breccia in! ll 25 / pervasive





15 / 0.1 / subhedral, randomly oriented blades 
throughout breccia in! ll
Anhydrite
Pyrite
8 / vfgr / disseminated grains and in quartz 
veins
5 / 0.1-1 / disseminated anhedral aggregates 
and di' use veins or lenses < 0.2 mm wide
5 / < 0.1 / veins and rounded disseminated 
grains
Chalcopyrite








Marcasite < 1 ? / < 0.1 / acicular inclusions in py
Arsenopyrite 1  / acicular coatings < 0.2 mm on pyrite
Other mineral 
(speci! ed)
pyrrhotite < 1 / < 0.1 / incl in py Enargite < 1 / < 0.1 / very ! nely disseminated 
a& er relict hornblende (?) fragments
One grain of pleochroic yellow mineral (?) < 0.2 
mm across in quartz - pyrite veins
Other mineral 
(speci! ed)
Pyrophyllite 10 ? / < 0.1 / blades (low birefrin-
gence, otherwise similar to alunite)
A - 166
Hole ID 321 321 321
Depth (m) 812.2 949.4 952.1
Representative of: Zone Zone Zone
Protolith lithotype Metasiltstone Diorite II (hornblende-plag) Diorite II (hornblende-plag)
Mineral assemblage Biotite-muscovite-hematite Orthoclase-biotite-quartz, muscovite Biotite-orthoclase-quartz-magnetite-cpy
Alteration texture Pervasive and vein Selective and vein Selective and vein
Alteration intensity Strong Strong Strong
Description Red-tinged, biotite - muscovite - hematite al-
tered metasiltstone cross-cut by quartz - pyrite 
- chalcopyrite veins
Light grey-green, strongly orthoclase-altered, 
crowded plagioclase- and hornblende-phyric 
diorite
Grey-green, strongly orthoclase-altered, plagio-
clase- and hornblende-phyric diorite containing 
~ 10 % quartz - sul! de veins
Notes, 
interpretation 
Examples of well preserved relict hornblende 
phenocrysts in strongly altered diorite
Au (ppm) 0.17 0.72 1.11
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
25 / vfgr / grains in protolith 30 / vfgr / alteration throughout groundmass 39 / vfgr / throughout groundmass
Quartz (vein)
20 / 1 - 7 mm wide 5 / 1 - 3 mm wide 10 / 1 -2 mm wide
Plagioclase
(20) ? / vfgr / clasts in protolith (30) / 0.5 - 2 / subhedral phenocrysts (40) / 1 - 2 / subhedral (mostly rectangular) 
phenocrysts
Orthoclase
15 / vfgr / throughout groundmass and rim-
ming phenocrysts 




(20) / 1 - 2.5 / subhedral-euhedral rhombs (15) / 1.5 - 2 / subhedral rhombs
Biotite
35 / < 0.5 / laths throughout sample 20 / < 0.5 / a& er hornblende 20 / < 0.5 / a& er hornblende
Chlorite




and / or clays
14 / distributed throughout sample (between 
quartz veins)
19 / a& er plagioclase and groundmass 10 / throughout sample
Hematite (dusty) 5 / as in sericite
Calcite






< 1 / vfgr / disseminated grains throughout 
sample, some in quartz veins
1 / vfgr / disseminated grains and di' use veins 
< 2 mm wide
2 / vfgr / disseminated grains and di' use veins 
< 1 mm wide
Chalcopyrite















Hole ID 337 337 347
Depth (m) 1182.4 1220.2 669.3
Representative of: Zone Patch (chalcopyrite-molybdenite) Zone
Protolith lithotype Diorite II (hornblende-plag) Diorite II (hornblende-plag) Metasandstone
Mineral assemblage Orthoclase-quartz-cpy, magnetite-hematite Quartz-orthoclase-chalcopyrite-molybdenite Kaolinite-muscovite-pyrite
Alteration texture Vein and pervasive n/a Pervasive and vein halo
Alteration intensity Strong n/a Strong
Description Mottled green, red, and white diorite with 
quartz - chalcopyrite veins. hornblende pheno-
crysts are replaced by biotite and magnetite + 
hematite; plagioclase phenocrysts are replaced 
by orthoclase
~ 60% of the thin section is an irregular zone of 
chalcopyrite (+Mo, Au), remainder is quartz - 
orthoclase altered diorite
Grey, strongly kaolinite- and muscovite-altered 
metasandstone, with sparse quartz - pyrite 




Late chalcopyrite veins contain specularite and 
magnetite 
Example of native gold as rims to magnetite
Au (ppm) 1.55 1.61 0.02
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
19 / vfgr /throughout groundmass 29 / 1 - 2 / aggregates with orthoclase 43 / < 1.5 / rounded grains
Quartz (vein)
20 / < 4 mm wide 5 / < 1 mm wide
Plagioclase
(30) / < 2 / subhedral phenocrysts (30) ? / grains as in quartz
Orthoclase
20 / perthitic replacement of plagioclase and 
groundmass
8 / < 0.5 / dusty (sericite-biotite), locally per-
thitic aggregates with quartz
Hornblende 
(relict)
5 / 1 - 2 / subhedral phenocrysts
Biotite
3 / vfgr / a& er hornblende 2 / < 0.2 / interstitial to quartz + orthoclase, and 
as small inclusions in orthoclase
5 / vfgr / possible early alteration stage (prior to 
kaolinite - muscovite)
Chlorite
5 / as in biotite
Actinolite
Muscovite (visible)
10 / < 1 / randomly oriented throughout
Muscovite (sericite) 
and / or clays
10 / a& er plagioclase and groundmass 6 / dusting orthoclase, particularly near chalco-
pyrite aggregates
30 / throughout sample, and as halos < 3 mm 
wide to quartz - pyrite veins
Hematite (dusty)
Calcite






1 / vfgr / disseminated grains and veins 2 / 0.05 - 0.2 / subhedral - euhedral crystals in 
chalcopyrite
2 / vfgr / disseminated grains
Chalcopyrite
4 / < 0.4 / disseminated grains and veins 50 / irregular vein ! ll > 2 cm wide / contains 
Au, Mo, pyrite inclusions
< 1 / as in pyrite
Bornite
Magnetite
15 / vfgr / disseminated grains and aggregates < 
1 mm across
< 1 / vfgr / anhderal, mostly as rims to pyrite 
inclusions in chalcopyrite
< 1 ? / vfgr / disseminated grains (ID is unclear)
Specular hematite
3 / specularite in magnetite aggregates
Molybdenite
2 / 0.1 - 3.5 / laths within chalcopyrite, 1 large 
hexagonal plate 3.5 mm across







Native gold < 1 / irregular grains 0.06 - 0.1 mm 




Hole ID 347 349 349
Depth (m) 1033.6 50.0 260.6
Representative of: Zone Zone Zone (least-altered)
Protolith lithotype Diorite II (hornblende-plag) Metasandstone Diorite II (hornblende-plag)
Mineral assemblage Quartz-orthoclase-magnetite-chalcopyrite Quartz-alunite-clays Quartz-orthoclase-magnetite-chalcopyrite
Alteration texture Veins and selective Pervasive and vein Selective
Alteration intensity Intense Intense, texturally destructive Weak
Description Green and white, hornblende-phyric diorite 
with abundant quartz - sul! de veins and 
chalcopyrite - magnetite mineralisation. Relict 
hornblende phenocrysts are pale green in hand 
sample, and have been replaced by chlorite and 
possibly clays.
Light pink-beige to white, intensely quartz- 
and alunite-altered sample with some clay and 
supergene hematite. A so&  white vein of alunite 
1 - 5 mm wide cross-cuts the sample. 
Grey-green, weakly to moderately altered 
hornblende- and plagioclase-phyric diorite with 
well-preserved porphyritic texture. Part of hand 
sample (not in thin section) contains a zone of 




Au (ppm) 1.33 0.63 0.25
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
12 / vfgr / alteration throughout diorite 80 ? / vfgr / dusted with clay 10 / vfgr / throughout groundmass
Quartz (vein)
45 / 2 - 15 mm 
Plagioclase
(20) ? / relict phenocrysts < 2 mm replaced by 
orthoclase
(30),15 / relict phenocrysts < 1 .5 mm replaced 
by orthoclase, quartz, and muscovite
Orthoclase
20 / throughout diorite (between quartz veins), 
especially a& er plagioclase




(10) / < 1.5  / anhedral to subhedral rhombs 
mostly replaced by chlorite (?)
(15) / < 1 / dark anhedral phenocrysts mostly 
replaced by biotite
Biotite
5 / throughout diorite, mostly a& er hornblende 14 / vfgr / throughout diorite, mostly a& er 
hornblende phenocrysts
Chlorite




and / or clays
10 / dusting throughout sample, and a& er horn-
blende phenocrysts
9 / dusting throughout sample produces semi-
opaque thin section, impedes ID
20 / a& er plagioclase, hornblende, and ground-
mass









2 / < 0.5 / most in veins, some grains and ir-
regular aggregates throughout sample 
2 / vfgr/ disseminated grains, a few aggregates 
up to 0.4 mm across
Chalcopyrite
3 / as in pyrite, most occurring in quartz veins 3 / as in pyrite, some rimming magnetite
Bornite
Magnetite
1 / disseminated grains throughout sample 1 / disseminated grains throughout sample, 













Hole ID 349 377 377
Depth (m) 388.0 761.0 843.0
Representative of: Zone Zone (least-altered) Veins (deep clays-pyrite + carbonate-pyrite)
Protolith lithotype Metasandstone Metasandstone Metasandstone
Mineral assemblage Biotite-magnetite-chalcopyrite Chlorite-actinolite-pyrite-epidote Biotite, kaolinite-pyrite, carbonate-sul! de
Alteration texture Pervasive Selective to pervasive Pervasive and vein
Alteration intensity Intense Weak Moderate
Description Dark brown to black, intensely biotite-altered 
metasandstone
Grey-green, weakly propylitic altered, massive 
metasandstone with clasts 0.5 - 3 mm across
Grey-green to grey-brown, moderately biotite-
altered metaconglomerate-metasandstone, 
cross-cut by (1) a so& , green kaolinite (?) - 
pyrite vein 2.5 cm wide (most of the sample), in 




Possible brownish epidote in this sample 0.03% Cu; 6.43% S; low As-Pb-Zn-Mn
Au (ppm) 0.28 0.14 0.1
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
40 ? / < 1 / grains masked by biotite 36 / vfgr / grains throughout sandstone 10 / vfgr / grains throughout sandstone
Quartz (vein)
2 / < 0.5 / sparse veinlets with thin quartz 
alteration halos
1 / 1 mm wide
Plagioclase







42 / vfgr / randomly oriented throughout 
sample
15 / vfgr / throughout sample 15 / vfgr / throughout sample (outside of veins)
Chlorite
3 / small zones associated with biotite 10 / as in biotite, some blue birefringence 5 / as in biotite
Actinolite
3 / < 0.1 / randomly oriented acicular crystals 
throughout sample
Muscovite (visible)
15 / < 0.3 / a& er sandstone clasts
Muscovite (sericite) 
and / or clays
10 / throughout sample, with biotite alteration 10 / throughout sample 55 / throughout sample, and as semi-opaque 
vein in! ll to clay-pyrite vein
Hematite (dusty) 5 / dusting selective a& er some clasts
Calcite
Other carbonate
10 / < 2 / within a carbonate-sul! de vein 




< 1 / < 0.1 / disseminated grains throughout 
sample
2 / < 0.4 / aggregates with magnetite, some 
pyrite rimming disseminated magnetite
2 / < 0.5 / disseminated aggregates throughout 
sample, and in both veins
Chalcopyrite
1 / < 0.1 / disseminated grains throughout 
sample, more common adjacent to veins
< 1 / < 0.3 / ! ne rims to magnetite-pyrite ag-
gregates




2 / < 0.1 / vfgr aggregates throughout sample 3 / vfgr - 0.2 / disseminated grains and aggre-
gates, some clast-selective
1 / vfgr / small disseminated grains in biotite-













Hole ID 377 377 377
Depth (m) 887.0 1171.5 1246.0
Representative of: Zone Zone Vein (sul! de breccia vein)
Protolith lithotype Metasandstone-metaconglomerate Diorite II (hornblende-plag) Diorite II (hornblende-plag)
Mineral assemblage Biotite-chlorite-pyrite-magnetite Biotite-orthoclase-quartz-magnetite-cpy Chalcopyrite-bornite-pyrite-molybdenite
Alteration texture Selective, vein, and vein halo Pervasive and vein n/a
Alteration intensity Moderate Intense n/a
Description Grey-brown to grey-green, moderately biotite 
- chlorite - epidote - magnetite altered and 
sparsely veined pebbly metasandstone. " e 
hand sample contains dark vein halos of actino-
lite which are less obvious in the thin section. 
Mottled white and brown, intensely ortho-
clase-biotite-magnetite-chalcopyrite-pyrite 
altered diorite with relict, orthoclase-replaced 
phenocrysts < 1.5 mm across, and abundant 
quartz-sul! de veins
70% of thin section is a chaotic, in! ll-supported 
breccia vein containing 40% sub-angular pyrite 
fragments 0.1 - 2 mm across in chalcopyrite + 
bornite cement; remainder is quartz - ortho-
clase along vein margins
Notes, 
interpretation 
Example of disseminated magnetite associated 
with biotite alteration
Gold inclusions in late chalcopyrite veins Cu_pct=3.0
Au (ppm) 0.1 3.57 2.76
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
27 / < 1 / dusty grains throughout sandstone 10 / vfgr / throughout groundmass
Quartz (vein)
1 / 1 mm wide 47 / 1 - 8 mm wide / containing sul! des 10 / 0.1 - 1.5 / breccia vein margins, containing 
chalcopyrite inclusions
Plagioclase
(30) ? / < 1.5 / rounded relict clasts (10) / 0.7 - 1.5 / subhedral, orthoclase-replaced 
phenocrysts
Orthoclase
15 / < 2 / sericite-dusted perthitic grains a& er 
plagioclase and rimming hornblende




(5) / < 2 / subhedral rhombs replaced by 
biotite-chlorite and some orthoclase
Biotite
10 / vfgr / throughout sample, possible weak 
vein halos
5 / < 0.4 / some di' use with orthoclase altera-
tion, most as selvages to veins
Chlorite
15 / as in biotite, some a& er clasts 1 / as in biotite
Actinolite
5 / vfgr / as in biotite
Muscovite (visible)
Muscovite (sericite) 
and / or clays




< 1 / < 1.6 / euhedral terminations into ortho-
clase




4 / < 0.5 / disseminated aggregates 1 / < 2 / aggregates in late chalcopyrite veins 30 / 0.1 - 2 / angular and broken (cpy-veined) 
fragments
Chalcopyrite
< 1 / vfgr / thin rims to disseminated pyrite 9 / < 8 / disseminated aggregates and late veins 
with quartz
40 / breccia vein cement
Bornite
< 1 / < 0.5 / irregular aggregates at vein mar-
gins, some inclusions in pyrite
Magnetite
3 / vfgr / disseminated grains and aggregates, 
usually with biotite
7 / vfgr / disseminated grains and di' use veins 
< 3 mm wide
Specular hematite
< 1 / cores in magnetite in late veins
Molybdenite
< 1 / < 0.6 / anhedral grains at chalcopyrite vein 
margins
Galena






Talc (?) < 5 / irregular, di' use ! brous patches 
associated with chlorite
Native gold < 1 / <0.02 (20 microns) across / 




Hole ID 377 377 377
Depth (m) 1306.6 1310.0 1328.6 -1
Representative of: Zone Veins (porphyry and IS veins?) Zone
Protolith lithotype Diorite II (hornblende-plag) Diorite II (hornblende-plag) Diorite II (hornblende-plag)
Mineral assemblage Chlorite-orthoclase-magnetite-chalcopyrite Orthoclase, carbonate-sul! de, tennantite Biotite-orthoclase-quartz-magnetite-cpy
Alteration texture Selective, vein halo, and vein Selective and vein halo Vein and pervasive
Alteration intensity Strong Strong Strong
Description Green, hornblende-phyric diorite, cross-cut by 
(1) a perthitic orthoclase vein < 3 mm wide, in 
turn cross-cut by (2) a magnetite vein < 1 mm 
wide, in turn cross-cut by (3) quartz - chalco-
pyrite veins
Mottled grey and white, strongly orthoclase-al-
tered and quartz - sul! de veined diorite, cross-
cut by (1) a rhodochrosite - pyrite - chalcopy-
rite vein 1 cm wide (most of the thin section), 
cross-cut by (2) a rhodochrosite - tennantite 
- sphalerite - galena  vein < 1 mm wide
20% of sample is white, strongly orthoclase-
altered, hornblende-phyric diorite. Perthitic 
feldspar occurs as rims < 0.2 mm wide to some 
of the hornblende phenocrysts.
Notes, 
interpretation 
Example of magnetite a& er orthoclase veins, 
and late (stage IIc) mineralisation
Late rhodochrosite - tennantite - sphalerite - 
galena vein may be deep portion of intermedi-
ate sul! dation veins? 
Au (ppm) 2.21 1.52 3.21
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
20 / vfgr / groundmass 30 / vfgr / groundmass alteration of plagioclase
Quartz (vein)
18 / < 3 mm wide 85 / < 0.6 / most of sample is vein
Plagioclase
(20) ? / < 2 / replaced by orthoclase and mus-
covite
(20),27 / vfgr / groundmass with quartz, some 
phenocrysts < 1.5 mm (orthoclase altered)
Orthoclase
32 / < 3 / perthitic, occurring throughout dio-
rite, and in a vein 2 - 3 mm wide
15 / rims < 0.2 mm wide / perthitic rims to 
hornblende, and a& er plagioclase
Hornblende 
(relict)
(15) / < 1.5  / subhedral rhombs mostly re-
placed by chlorite (?)
(20) / 0.5-1.2 / rounded to rhombic relict 
phenocrysts
Biotite
4 / throughout diorite, mostly a& er hornblende 5 / vfgr / a& er hornblende phenocrysts
Chlorite




and / or clays









1 / < 0.5 / disseminated grains and irregular 
aggregates throughout sample 
2 / < 0.5 / grains in both vein sets 1 / < 0.4 / disseminated grains
Chalcopyrite
3 / disseminated as in pyrite, most occurring in 
late quartz veins
6 / < 0.8 / most occurring in quartz - chalcopy-
rite - pyrite (+ carbonate) vein
1 / < 0.8 / disseminated grains and aggregates
Bornite
Magnetite
3 / < 0.5 / disseminated grains and aggregates, 
and in a vein a& er orthoclase
1 / vfgr / disseminated throughout sample
Specular hematite
Molybdenite







Tennantite 2 / < 0.5 / in late vein with galena, 
sphalerite, and  rhodochrosite
Other mineral 
(speci! ed)
Sphalerite < 1 / as in galena, and containing 
small chalcopyrite inclusions
A - 172
Hole ID 377 377 377
Depth (m) 1328.6 -2 1365.0 1392.0
Representative of: Veins / patches (biotite-quartz) Zone Veins (quartz-chalcopyrite-pyrite)
Protolith lithotype Diorite II (hornblende-plag) Diorite II (hornblende-plag) Diorite II (hornblende-plag)
Mineral assemblage Biotite-orthoclase-quartz-magnetite-cpy Orthoclase-quartz-magnetite-chalcopyrite Quartz-chalcopyrite-pyrite
Alteration texture n/a Pervasive and vein n/a
Alteration intensity n/a Intense n/a
Description 80% of sample consists of irregular veins of 
coarse perthitic feldspar transitioning into bio-
tite laths < 5 mm long, with interstitial quartz 
and sul! des. " e biotite laths contain inclusions 
of chalcopyrite, magnetite, and possible rutile. 
Mottled grey-green and pale pink, intensely 
orthoclase-chlorite-biotite-magnetite altered, 
hornblende-phyric diorite, cut by magnetite 
and quartz - chalcopyrite veins
Mottled white, intensely orthoclase-altered 
diorite containing abundant quartz - chalcopy-
rite - pyrite veins, and disseminated chalcopy-
rite. " is thin section description applies to the 
porphyry quartz - sul! de veins only. 
Notes, 
interpretation 
Au (ppm) 3.21 1.92 3.7
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
28 / vfgr / alteration throughout groundmass
Quartz (vein)
29 / < 5 / anhedral aggregates in vein centre 25 / 1 -12 mm wide / planar and undulating 
veins a& er a magnetite vein
90 / < 15 mm wide / planar and undulating 
quartz - sul! de veins
Plagioclase
(20) / < 1.5 / subhedral phenocrysts, altered to 
orthoclase and muscovite
Orthoclase




(8) / < 0.8 / subhedral phenocrysts generally 
replaced by biotite - chlorite
Biotite
15 / < 5 / euhedral laths radiating into vein 
centre
6 / vfgr / a& er hornblende
Chlorite




and / or clays








1 / vfgr / disseminated grains and aggregates < 
0.5 mm, some in quartz veins
2 / < 0.6 / anhedral - subhedral grains mostly 
within chalcopyrite
Chalcopyrite
5 // Interstitial to biotite, especially near vein 
walls
4 / < 0.2 / disseminated grains and aggregates, 
mostly in veins
8 // irregular aggregates throughout quartz 
veins, some along vein seams 
Bornite
Magnetite
1 / vfgr / most within biotite laths along cleav-
age
5/ vfgr / disseminated throughout sample, and 
as a vein < 1 mm wide











Rutile < 1 / vfgr / elongate inclusions along 




Hole ID 377 377 377
Depth (m) 1399.0 1403.5 1453.4
Representative of: Zone Zone (note: quartz veins are over-represented) Zone 
Protolith lithotype Diorite II (hornblende-plag) Diorite II (hornblende-plag) Diorite II (hornblende-plag)
Mineral assemblage Orthoclase-quartz-magnetite-chalcopyrite Orthoclase-quartz-magnetite-chalcopyrite Orthoclase-quartz-magnetite-chalcopyrite
Alteration texture Vein, vein halo, and selective Selective and vein Selective and vein
Alteration intensity Intense Strong Strong
Description White, intensely orthoclase-altered diorite with 
20% quartz-sul! de veins, and ~ 40% sul! des 
in total, including bornite. " e porphyry veins 
have been cross-cut by minor sphalerite-ten-
nantite veinlets < 1 mm wide.
Patchy red+yellow, hornblende- and plagio-
clase-phyric diorite. 80% of the thin section 
consists of quartz - chalcopyrite - pyrite veins. 
Chalcopyrite veins contain cubanite exsolution 
lamellae, and native gold inclusions tens of 
microns across.
Light tan, orthoclase - quartz - biotite - mag-
netite altered and mineralised hornblende- 
and plagioclase-phyric diorite, cross-cut by 
abundant quartz - sul! de veins containing gold 
inclusions. Disseminated sul! des are abundant 
throughout the sample. 
Notes, 
interpretation 
8 ppm Au is from WR sample (assayed 4 ppm 
Au)
Evidence of Au (in chalcopyrite) associated 
with specularite-magnetite intergrowths. Dis-
seminated hematite produced red colour.
Cu_pct=4.3
Au (ppm) 8 6.43 5.33
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
15 / vfgr / throughout diorite 20 / vfgr / groundmass
Quartz (vein)
15 / < 1 cm wide 77 / 3.5 mm wide 35 / 1 -20 mm wide / planar and undulating 
veins with orthoclase halos
Plagioclase
(15) / < 1 / subhedral phenocrysts altered to 
orthoclase and muscovite
(4) / < 2 / subhedral phenocrysts (relict) (20) / 1 - 3 / subhedral phenocrysts, altered to 
orthoclase and muscovite
Orthoclase
21 / < 3 / perthitic grains, most as halos to 
quartz-sul! de veins
10 / perthitic alteration a& er plagioclase 14 / perthitic alteration a& er plagioclase, most 
as halos to quartz - sul! de veins
Hornblende 
(relict)
(6) / < 1 / subhedral phenocrysts, some partially 
replaced by magnetite and biotite 
(8) / 0.6 - 1.5 / subhedral rhombs replaced by 
biotite and trace disseminated chalcopyrite
(5) / < 2 / subhedral phenocrysts
Biotite
6 / vfgr / a& er hornblende 2 / vfgr to 1 / in groundmass and a& er horn-
blende
5 / vfgr / a& er hornblende
Chlorite
1 / as in biotite < 1 / as in biotite 1 / as in biotite
Actinolite
Muscovite (visible)
5 / < 0.5 / a& er plagioclase phenocrysts
Muscovite (sericite) 
and / or clays
5 / throughout diorite 3 / a& er plagioclase and hornblende 10 / throughout diorite (between quartz veins)
Hematite (dusty) < 1 / di' use around specularite hematite 1? / possible ! ne hematite throughout sample
Calcite
< 1 / a& er plagioclase 5 / vfgr / disseminated throughout sample
Other carbonate





5 / < 0.2 / subhedral grains mostly within chal-
copyrite veins, some fragmented
2 / in veins and vfgr disseminations 1 / vfgr / disseminated grains and aggregates < 
1 mm, some in veins
Chalcopyrite
32 // occurring in irregular clots and  as vein 
in! ll
4 / veins and disseminations, some replacing 
hornblende
3 / vfgr / disseminated grains and aggregates < 
3 mm, mostly in veins
Bornite
< 1 / < 0.1 / anhedral inclusions in chalcopyrite < 1 / vfgr / disseminated grains, ! ne rims to 
magnetite
Magnetite
< 1 / vfgr / disseminated throughout diorite, 
none in veins
2 / mostly disseminated grains in halos to 
quartz - chalcopyrite veins
1 / vfgr / disseminated throughout sample
Specular hematite
< 1 / small patches replaced by magnetite
Molybdenite
< 0.5 / vfgr / disseminated throughout diorite, 








Sphalerite < 1 / < 0.3 / within late veinlet, grains 
show red internal reQ ections
Cubanite < 1 / exsolution lamellae in Au-
bearing chalcopyrite Vs
Native gold < 1 / two inclusions 0.015 mm (15 
microns) in vein and disseminated sul! de
Other mineral 
(speci! ed)
Tennantite (?) < 1 / vfgr / within sphalerite vein 
< 1 mm wide
Native gold < 1 / < 0.03 mm / inclusions in 
chalcopyrite veins
A - 174
Hole ID 377 377 377
Depth (m) 1466.2 1530.0 1650.0
Representative of: Zone Zone Zone (least-altered)
Protolith lithotype Diorite II (hornblende-plag) Diorite II (hornblende-plag) Diorite II (marginal hornblende~plag)
Mineral assemblage Orthoclase-quartz-magnetite-chalcopyrite Biotite-orthoclase-quartz-magnetite-cpy Biotite-orthoclase, anhydrite-sul! des
Alteration texture Selective and vein Pervasive and vein Selective and vein
Alteration intensity Intense Intense Weak
Description Intensely orthoclase-altered diorite with 40% 
quartz-chalcopyrite veins, containing four 
round gold inclusions 0.02 mm across
Intensely orthoclase- and biotite-altered diorite, 
porphyritic texture barely evident in hand 
sample due to alteration. Native gold occurs in 
the quartz - chalcopyrite veins.
Grey-green, weakly orthoclase-, muscovite-, 
and chlorite-altered plagioclase- and horn-
blende-phyric diorite, cut by anhydrite - molyb-
denite - chalcopyrite veins < 7 mm wide
Notes, 
interpretation 
Example of anhydrite a& er diorite; 0.29 ppm Au 
is from WR (assayed 1.24 ppm)
Au (ppm) 4.33 3.43 0.29
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
26 / vfgr / groundmass 8 / vfgr / throughout groundmass 10 / vfgr groundmass
Quartz (vein)
31 / veins 0.5-15 mm wide 36 / 1 - 22 mm wide
Plagioclase
(15) / 0.2-2 / rounded phenocrysts replaced by 
sericite - orthoclase and rimmed by orthoclase
(?) 45 / 0.5 - 3 / subhedral zoned phenocrysts 
partly replaced by orthoclase, muscovite
Orthoclase
19 / vfgr / alteration through groundmass and 
as thin rims around phenocrysts
20 / < 0.8 / pervasive perthitic alteration of 
groundmass and phenocrysts
(10) / < 2 / zoned phenocrysts
Hornblende 
(relict)
(10) / 0.4-1.5 / subhedral phenocrysts (?) / < 2 (10) / < 2 / subhedral phenocrysts replaced by 
Q aky biotite
Biotite
8 / < 0.2 / most a& er hornblende phenocrysts 15 / < 0.3 / anhedral laths associated with 
orthoclase and chalcopyrite
15 / < 0.5 / throughout groundmass, some a& er 
hornblende
Chlorite




and / or clays









12 / veins < 7 mm wide
Pyrite
4 / < 0.6 / tarnished anhedral grains in chalco-
pyrite Vs
5 / < 0.4 / tarnished anhedral grains in chalco-
pyrite
1 / vfgr in anhydrite veins
Chalcopyrite
15 / Vs 4 mm across and diss < 0.5 mm  12 / veins < 4 mm across, and disseminated 
aggregates 0.1 - 1 mm across




< 1 / aggregates < 0.2 / di' use aggregates within 
late chalcopyrite - biotite
Specular hematite
Molybdenite
< 1 / < 0.1 / inclusions in early chalcopyrite 
veins








Native gold < 1 / 0.02 (20 microns) / 4 round 
inclusions in centre of cpy veins
Native gold < 1 / one inclusion 0.02 mm across 




Hole ID 377 377 392
Depth (m) 1707.5 1837.3 369.0-1
Representative of: Vein (anhydrite-cemented breccia) Zone Vein
Protolith lithotype Metasandstone Metasandstone n/a
Mineral assemblage Biotite-actinolite, anhydrite-sul! des Biotite-actinolite, quartz-anhydrite Rhodochrosite-pyrite-sphalerite-galena-gold
Alteration texture Vein, vein halo, and selective Pervasive and vein + vein halo n/a
Alteration intensity Strong Intense n/a
Description 60% of the sample is strongly biotite-altered 
metasandstone; 40% is anhydrite-cemented 
breccia vein with rotated, angular, biotite-
altered wallrock fragments. " e anhydrite veins 
are lined in places by weak actinolite alteration 
halos.
65% of thin section is biotite-altered metasand-
stone; remainder is a single quartz - anhydrite 
vein
40% of thin section consists of rhodochrosite 
- pyrite veins 0.5 - 30 mm wide, transition-
ing from quartz along vein walls, to zoned 
rhodochrosite + pyrite (+ native gold, indicated 
in SEM), to pyrite
Notes, 
interpretation 
Chlorite more common near magnetite - chal-
copyrite aggregates, biotite elsewhere
Au (ppm) 0.15 0.41 8.75
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
28  / < 1 / rounded grains 20 / vfgr (some < 0.4) / rounded grains
Quartz (vein)
13 / along margins to quartz-anhydrite vein, 
and disseminated in vein halo
15 / < 0.5 / inward-radiating crystals from vein 
walls
Plagioclase





30 / vfgr / randomly oriented throughout 
wallrock
35 / <0.4 / randomly oriented throughout 
sandstone
Chlorite
5 / intergrown with biotite 8 / as in biotite, especially near magnetite
Actinolite
5 / vfgr / disseminated acicular crystals as weak 
halos to anhydrite vein
Muscovite (visible)
2 / < 0.3 / acicular along pyrite vein margins
Muscovite (sericite) 









29 / < 30 / breccia vein cement 15 / < 11 / anhedral in vein centre
Pyrite
1 / vfgr disseminated grains throughout 
wallrock
4 / vfgr / disseminated grains, and some aggre-
gates < 1 mm in late pyrite-chlorite vein
65 / aggregates  intergrown with quartz - rho-
dochrosite
Chalcopyrite
2 / vfgr disseminated grains and veins < 1 mm 
wide
3 / vfgr / aggregates a& er disseminated pyrite, 





< 1 / < 0.1 / a few inclusions in quartz-dominat-
ed part of quartz-anhydrite vein







Sphalerite < 1 / < 0.5 / inclusions in pyrite
Other mineral 
(speci! ed)
Native gold < 1 / inclusions in pyrite fragments 
near vein walls, indicated by SEM only
A - 176
Hole ID 392 392 392
Depth (m) 369.0-2 1495.8 1546.3
Representative of: Zone Patches (coarse-grained biotite) Vein (IS vein a& er porphyry?)
Protolith lithotype Metaconglomerate Diorite II (hornblende-plag) Diorite II (hornblende-plag)
Mineral assemblage Muscovite-chlorite-montmorillonite Quartz-biotite-chalcopyrite Orthoclase-chalcopyrite, tennantite-galena
Alteration texture Pervasive and vein halo n/a Vein and selective
Alteration intensity Strong n/a Moderate
Description 60% of thin section is beige/pale tan and locally 
pale green, muscovite-chlorite and clay-altered 
metaconglomerate
Coarse-grained, irregular zones of quartz-
biotite-chalcopyrite near diorite margins, con-
taining chalcopyrite, magnetite, and possible 
rutile (?) interstitial to biotite laths, and as small 
inclusions along biotite cleavage planes
Biotite- and orthoclase-altered diorite, cross-
cut by an 8 mm wide vein consisting of ~ 1/2 
bornite - covellite - tennantite - galena, and 1/2 
pyrite - chalcopyrite 
Notes, 
interpretation 
S_pct=7.32, As_ppm=1050, Mn_ppm=14700 Possible evidence of transition from porphyry 
mineralisation to intermediate sul! dation min-
eralisation containing tennantite and galena?
Au (ppm) 8.75 3.01 1.19
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
32 / vfgr throughout (large clasts not visible in 
this section)
37 / vfgr / throughout diorite groundmass
Quartz (vein)
57 / < 7 / anhedral and containing several 
smaller quartz inclusions
5 / 0.5 - 9 mm wide 
Plagioclase
10 / vfgr throughout (40) / 1 - 2 / subhedral phenocrysts
Orthoclase
13 / perthitic zones a& er plagioclase
Hornblende 
(relict)
(15) / 0.5 - 2 / subhedral phenocrysts
Biotite
5 / vfgr disseminated laths throughout sample 30 / < 5 / subhedral fans 15 / vfgr / a& er hornblende
Chlorite




and / or clays
35 / evenly distributed throughout metacon-
glomerate
20 / mostly a& er plagioclase phenocrysts
Hematite (dusty) 7 / as in muscovite
Calcite
Other carbonate
4 / vfgr / as vein selvage




6 / < 0.2 / subhedral disseminated grains and 
aggregates, some rimmed by 2nd stage of pyrite
1 / < 0.5 / anhedral inclusions in chalcopyrite 2 / vfgr to 0.5 / disseminated grains and in vein
Chalcopyrite
11 / < 10 / aggregates interstitial to biotite, and 
vfgr inclusions along biotite cleavage planes
3 / as in pyrite
Bornite
1 / < 0.5 / in bornite - covellite - tennantite - 
galena - pyrite - chalcopyrite vein
Magnetite




Galena < 1 / as in bornite
Covellite < 1 / as in bornite
Chalcocite < 1 / as in bornite
Marcasite
Arsenopyrite <1 / Possible rims to disseminated pyrite (?)
Other mineral 
(speci! ed)
Gypsum (?) < 1 / anisotropic laths exhbiting up 
to 3rd order birefringence throughout sample
Rutile (?) < 1 / <0.3 / inclusions in pyrite and 
along biotite cleavage planes




Hole ID 392 392 392
Depth (m) 1662.6 1662.8 1699.2
Representative of: Zone Zone Zone
Protolith lithotype Metasandstone Metasandstone Diorite I (plag>hornblende, quartz)
Mineral assemblage Biotite-orthoclase-quartz-chalcopyrite Biotite-chalcopyrite-quartz-molybdenite Othoclase-biotite-chalcopyrite-pyrite
Alteration texture Pervasive and vein halo Vein and pervasive Vein and selective
Alteration intensity Intense Intense Strong
Description Dark brown, biotite-altered metasandstone 
cross-cut by quartz - chalcopyrite - pyrite veins 
Dark brown to black, biotite-altered metasand-
stone cross-cut by quartz - chalcopyrite - pyrite 
- molybdenite veins
Mottled light grey and brown, strongly or-
thoclase- and biotite-altered plagioclase- and 




Au (ppm) 0.78 0.78 1.52
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
23 / < 2 / grains in metasandstone 30 / < 2 / grains in metasandstone 26 / < 1 / groundmass and phenocrysts
Quartz (vein)
18 / 1 - 22 mm wide 18 / 1 - 30 mm wide 8 / 0.5 - 12 mm wide
Plagioclase
(10) ? / protolith grains (10) ? / protolith grains (40) / 0.6 - 1.5 / subhedral phenocrysts
Orthoclase
1 / vfgr / as selvages to quartz - chalcopyrite 
veins
1 / vfgr / as selvages to quartz - chalcopyrite 
veins




(5) / possible subhedral rhombs, replaced by 
biotite, orthoclase, and muscovite?
Biotite
50 / < 0.2 / throughout sample, particularly in 
vein halos ~ 1 cm wide
40 / < 0.2 / throughout sample, particularly in 
vein halos ~ 1 cm wide
11 / throughout groundmass and as pheno-





and / or clays
13 / a& er plagioclase
Hematite (dusty)
Calcite
< 1 / vfgr / in aggregates to di' use lenses up to 
0.5 mm long in quartz veins





2 / < 0.5 / within quartz veins
Pyrite
2 / < 0.5 / disseminated grains, di' use aggre-
gates, and in quartz veins
2 / < 0.5 / disseminated grains, di' use aggre-
gates, and in quartz veins
2 / < 0.5 / disseminated grains and di' use veins 
< 1 mm wide
Chalcopyrite
6 / as in pyrite 6 / as in pyrite 4 / as in pyrite, and some rimming early pyrite
Bornite
Magnetite
< 1 / vfgr / disseminated grains in metasand-
stone
< 1 / vfgr / disseminated grains in metasand-
stone




< 1 / 0.1 / disseminated grains mostly associ-
ated (in contact with) chalcopyrite











Hole ID 392 392 392
Depth (m) 1728.3 1824.6 1851.5
Representative of: Zone Zone Zone (least-altered)
Protolith lithotype Diorite I (plag>hornblende, quartz) Diorite I (plag>hornblende, quartz) Diorite I (plag>hornblende, quartz)
Mineral assemblage Orthoclase-biotite-muscovite-chalcopyrite Orthoclase-biotite-muscovite-chalcopyrite Orthoclase-biotite-muscovite-chalcopyrite
Alteration texture Selective
Alteration intensity Moderate Moderate Weak
Description Mottled grey and brown, moderately ortho-
clase- and biotite-altered diorite with ~ 5 % 
quartz - sul! de veins
Grey, moderately orthoclase-altered plagio-
clase-phyric diorite, cross-cut by a quartz - 
chalcopyrite - pyrite vein with a disseminated 
chalcopyrite vein halo.  
Grey, weakly to moderately orthoclase-altered 
plagioclase-phyric diorite. " e sample contains 
< 1 % secondary chalcopyrite as coatings to 




Example of Stage II chalcopyrite coating dis-
seminated stage I sul! des
Extinction angles in plagioclase phenocrysts 
(R1-L1): 41,45,49,33,40; ~ labradorite
Au (ppm) 0.55 0.13 0.12
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
30 / < 1 / groundmass and phenocrysts 17 / < 0.5 / interstitial to plag (micropheno-
crysts and groundmass)
20 / < 0.5 / interstitial to plag (micropheno-
crysts and groundmass)
Quartz (vein)
5 / 1 - 3 mm wide 5 / 1-2 mm wide + 7 mm halo
Plagioclase
(30),20 / 0.5 - 2 / phenocrysts and groundmass, 
<1/2 are preserved w zoning
53 / 1.5-3 / subhedral, strongly zoned pheno-
crysts
65 / 1.5-3 / subhedral, strongly zoned pheno-
crysts
Orthoclase
15 / < 0.5 / throughout groundmass, mostly as 
halos to quartz - sul! de veins





10 / < 0.5 / a& er plagioclase, and as sparse 
phenocrysts < 1 mm
8 / 0.2-1 / groundmass + anhedral-subhedral 
laths a& er plagioclase 
8 / aggregates < 0.5 / microphenocrysts and 





and / or clays








2 / < 0.5 / disseminated grains throughout 
diorite
3 / aggregates with magnetite 0.2-1 and coating 
Mt
2 / aggregates with magnetite 0.2-1
Chalcopyrite
3 / vfgr / disseminated grains, some in quartz 
veins
1 / < 0.5 / coating diss pyrite and as diss halo 
to vein
< 1 / vfgr / veinlets and coating diss pyrite
Bornite
Magnetite
< 0.5 / vfgr / as in pyrite 1 / aggregates with early pyrite 0.2-1 < 1 / aggregates with pyrite 0.2-1
Specular hematite
Molybdenite











Hole ID 392 396 396
Depth (m) 1891.0 284.7 975.8
Representative of: Zone Zone (least-altered) Zone
Protolith lithotype Metasandstone-metasiltstone Metaconglomerate Metasandstone
Mineral assemblage Biotite-actinolite-anhydrite-chalcopyrite Actinolite-pyrite-biotite-chlorite Biotite-muscovite-hematite-pyrite
Alteration texture Pervasive to selective and vein Selective and vein halo Pervasive and vein halo
Alteration intensity Intense Weak Strong
Description ~80% of sample is brown-grey, biotite- and 
actinolite-altered metasandstone, cross-cut 
by (20 %) anhydrite and chalcopyrite-pyrite-
actinolite veins. Trace bornite occurs as rims to 
chalcopyrite in the anhydrite veins.
Grey-green and brown, weakly chlorite- and 
actinolite-altered, rounded clast- to matrix-sup-
ported metaconglomerate. Part of the sample 
contains a quartz - pyrite - chalcopyrite vein 
with a clast-selective biotite alteration halo.
Red-brown metasandstone, cross-cut by ~ 5 % 
quartz - pyrite veins < 2 mm wide. Fine-grained 
hematite produced the red colour. 
Notes, 
interpretation 
Au (ppm) 0.24 0.17 0.08
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
25 / vfgr rounded grains 15 / vfgr / within conglomerate matrix 50 / < 2 / rounded sandstone grains
Quartz (vein)
3 / veins with anhydrite 2 / < 1 mm wide 5 / < 2 mm wide with pyrite
Plagioclase
14 / vfgr rounded grains 40 / vfgr / grains within conglomerate matrix, 
minor component is < 2mm in gabbroic clasts





19 / vfgr / throughout sandstone 2 / vfgr / mostly as very thin rims to large clasts 20 / < 0.2 / randomly oriented laths throughout 
sample, weak replacement of plagioclase grains
Chlorite
5 / as in biotite 5 / vfgr / as in actinolite, and a few crystals < 
1 mm
Actinolite
12 / as in biotite, and as vein halos to selvages of 
acicular crystals 0.5 mm long
15 / vfgr / within conglomerate matrix and 
selective a& er gabbroic clasts
Muscovite (visible)
8 / as in biotite
Muscovite (sericite) 
and / or clays
10 / occurring mostly along clast edges, as in 
biotite
10 / throughout matrix, and a& er plagioclase 
grains
Hematite (dusty) 3 / throughout matrix and along clast edges 3 / throughout, imparting red colour
Calcite
1 / vfgr / mostly a& er plagioclase
Other carbonate
Epidote 1 / vfgr / disseminated throughout matrix
Alunite
Anhydrite
12 / in veins < 6 mm wide with sul! des
Pyrite
6 / fgr disseminated grains and in anhydrite 
veins
5 / vfgr / disseminated grains, some in vein < 1 
mm wide
1 / vfgr / disseminated grains, some in quartz - 
pyrite veins
Chalcopyrite
1 / as in pyrite, most in anhydrite veins < 1 / vfgr / disseminated grains mostly adjacent 
to or within biotite laths
3 / < 0.5 / round disseminated grains through-
out sample
Bornite
< 1 / ! ne rims to chalcopyrite in veins
Magnetite
1 / vfgr disseminated grains and inclusions in 
chalcopyrite














Hole ID 396 396 396
Depth (m) 1189.2 1309.0 1320.4
Representative of: Zone Zone (least-altered) Vein (intermediate sul! dation?)
Protolith lithotype Metasandstone Diorite I (hornblende-plag) Diorite I (hornblende-plag)
Mineral assemblage Actinolite-biotite-pyrite-chalcopyrite Biotite-orthoclase-quartz-magnetite-cpy Pyrite-molybdenite-galena-calcite-marcasite
Alteration texture Pervasive, vein, and  vein halo Vein and selective n/a
Alteration intensity Moderate Strong n/a
Description Light grey, massive, moderately biotite- and 
actinolite-altered metasandstone, cross-cut by 
quartz-pyrite-chalcopyrite-actinolite veins with 
prominent black actinolite halos < 4 mm wide
Hornblende- and plagioclase-phyric diorite 
with chlorite - biotite - muscovite altered and 
orthoclase-rimmed and altered phenocrysts 
1 -2 mm across, cut by quartz - magnetite 
veins, and overprinted by a late stage of sul! de 
mineralisation. 
Breccia vein 1 cm wide containing quartz and 
molybdenite fragments supported in a pyrite 
- marcasite - calcite - galena cement. " e vein 




Actinolite alteration halos are di' use, but more 
sharply de! ned than in comparable samples
Stage I sul! des rimmed by stage II sul! des Possible example of root zone to IS mineralisa-
tion
Au (ppm) 0.02 0.27 0.46
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
45 / < 1 / rounded grains 35 / vfgr sugary throughout sample, likely 
secondary (alteration)
Quartz (vein)
3 / < 1 mm wide 7 / 1 - 8 mm wide / late quartz - magnetite veins
Plagioclase
? none visible (15) / < 1 / relict subhedral laths replaced by 
muscovite - chlorite - orthoclase
Orthoclase




(30) / 1 - 2 / subhedral - euhedral rhombs and 
hexagons
Biotite
15 / vfgr / pervasive throughout wallrock, and 
intergrown with actinolite in vein halos
7 / vfgr / mostly replacing hornblende, some in 
groundmass
Chlorite
10 / as in biotite
Actinolite
32 / < 0.5 / within, and as halos to, quartz-py-
rite-cpy-actinolite veins, smaller in wallrock 
Muscovite (visible)
Muscovite (sericite) 
and / or clays
10 / throughout groundmass
Hematite (dusty)
Calcite







< 1 / some disseminated grains, most as aggre-
gates < 1 mm long within actinolite veins
4 / < 0.5 / subhedral disseminated grains 
throughout diorite
25 / fragments < 1 mm across / some in breccia 
in! ll
Chalcopyrite
4 / as in pyrite 2 / < 0.5 / vfgr disseminated grains and late 
rims to disseminated pyrite
Bornite
Magnetite
1 / vfgr / disseminated grains throughout 
wallrock
5 / vfgr / disseminated grains in diorite and in 
quartz - magnetite and magnetite veins
Specular hematite
Molybdenite
10 / 0.3 - 3 / rounded fragments in breccia vein, 











Hole ID 396 396 397
Depth (m) 1489.5 1501.0 123.0
Representative of: Zone Patch (orbicular diorite?) Vein (carbonate-base metal sul! de)
Protolith lithotype Diorite II (marginal hornblende~plag) Diorite II (marginal hornblende~plag) Metaconglomerate
Mineral assemblage Quartz-orthoclase-biotite-chlorite-magnetite Quartz-orthoclase-biotite-chlorite-magnetite Rhodochrosite-pyrite-sphalerite-galena
Alteration texture Selective Pervasive, a& er relict orbicular (?) Vein and pervasive
Alteration intensity Moderate Strong Strong
Description Marginal quartz-rich diorite (locally horn-
blende ~ plagiclase, grades over several metres 
into hornblende > plagioclase w/ less quartz). 
" e sample contains < 1 % vein and disseminat-
ed calcite, generally replacing perthitic feldspar.
Orthoclase-altered diorite containing rounded 
di' use patches of biotite - chlorite - muscovite 
< 1 cm across, possibly relict orbicules. 
Hand sample is light beige MCO cut by late 
rhodochosite-pyrite veins; thin section is 
through one such breccia vein, with ~40% 
pyrite fragments < 5 mm across, supported by 
rhodochosite cement, and fragment-supported 
along one of the vein walls.
Notes, 
interpretation 
High quartz content in this sample reQ ects 
quartz saturation/"Q ooding" near intrusive 
margin?
Orbicular texture? Distribution of sul! des suggests settling against 
up-hole side, may be mis-oriented core?  292 
ppm Pb; 781 ppm Zn; 13.2 pct S; 1.26 pct Mn
Au (ppm) 0.29 0.5 0.19
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
80 / < 0.2 and some aggregates (phenocrysts?) 
< 2 /






5 / < 0.5 / groundmass and perthitic grains < 
1 mm 





9 / < 0.6 / anhedral in groundmass, sparse 
subhedral phenocrysts
14 / < 0.5 / throughout groundmass and in 
orbicular patches
Chlorite
5 / as in biotite
Actinolite
Muscovite (visible)
3 / as in biotite
Muscovite (sericite) 
and / or clays
4 / / throughout groundmass 10 / as in biotite
Hematite (dusty)
Calcite
2 / Vs < 0.3 mm wide, diss < 0.1 / Ct a& er 
perthitic Or
55 / < 1 / zoned from vein margin into dusty 
rhodochrosite
Other carbonate





< 1 / vfgr disseminated grains and aggregates < 
2 mm across
35 / < 5 / rounded to angular fragments within 
carbonate cement
Chalcopyrite
3 / as in pyrite
Bornite
Magnetite
< 1 / as in pyrite
Specular hematite
Molybdenite
<1 / vfgr disseminated grains throughout 
diorite







Sphalerite 3 / < 0.2 / irregular aggregates, most-




Hole ID 397 397 397
Depth (m) 396.0 1037.5 1093.5
Representative of: Vein (carbonate-base metal sul! de) Zone Zone
Protolith lithotype Metasandstone-metasiltstone Metasiltstone Diorite I (hornblende-plag)
Mineral assemblage Carbonate-pyrite-sphalerite-galena Biotite-muscovite-hematite Biotite-muscovite-hematite
Alteration texture n/a Pervasive and vein halo Pervasive and vein
Alteration intensity n/a Intense Intense
Description Multiphase, chaotic to locally jigsaw-! t, mostly 
in! ll-supported breccia vein. Fragments (65 
% of sample) are pyrite, containing up to 30 % 
quartz inclusions and rims of lighter coloured 
(As-rich?) inclusion-free pyrite. One fragment 
is a quartz-cemented pyrite breccia. In! ll (35 
% of sample) is ~ 40 % calcite and 60 % hydro-
thermal sandstone to mudstone with pyrite 
fragments and calcite cement.
Mottled red-brown, biotite - muscovite - hema-
tite altered metasiltstone, with lighter coloured, 
round patches of di' use quartz interpreted to 
be an alteration texture
Mottled red and white diorite with intense, 
texturally destructive biotite - muscovite - he-
matite alteration in between quartz veins. Iron 




Very high Au and Ag (86.7 ppm Ag), low Cu 
(0.18% Cu), 39% S
Mottled red, green, white, yellow
Au (ppm) 40.7 0.38 0.24
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
5 / < 0.1 / rounded inclusions in some pyrite 
fragments












40 / vfgr / throughout sample 10 / vfgr / throughout diorite (between quartz 
veins)
Chlorite




and / or clays
10 / as in biotite 17 / as in biotite
Hematite (dusty) 5 / as in biotite, producing red colour 5 / as in biotite
Calcite
28 / < 5 / cement in! ll
Other carbonate






59 / < 0.1 to 30 / fragments in breccia < 1 / vfgr / disseminated with chalcopyrite 1 / < 0.5 / disseminated grains throughout 
diorite
Chalcopyrite
4 / vfgr / in veins and disseminated in halos to 
quartz veins
3 / as in pyrite, and in quartz veins
Bornite
Magnetite
< 1 / vfgr / minor inclusions in specular 
hematite
Specular hematite
4 / as rims to disseminated pyrite and chalco-
pyrite
Molybdenite




Arsenopyrite 3 / Possible rims to pyrite fragments ?
Other mineral 
(speci! ed)





Hole ID 397 397 397
Depth (m) 1124.0 1206.3 1359.3
Representative of: Zone Zone Zone
Protolith lithotype Diorite I (hornblende-plag) Diorite I (hornblende-plag) Diorite II (hornblende-plag)
Mineral assemblage Quartz-biotite Biotite-orthoclase-quartz-magnetite, py+clays Biotite-orthoclase-quartz-magnetite-cpy-pyrite
Alteration texture Pervasive, texturally destructive Vein and pervasive Selective and vein halo
Alteration intensity Intense Intense Intense
Description Grey, intensely quartz-altered diorite contain-
ing < 1 hematite and magnetite, and ~4 % 
chalcopyrite + pyrite. 
Mottled white, light brown, and light green, 
biotite-orthoclase-chlorite and clay-altered, 
crowded hornblende- and plagioclase-phyric 
diorite with quartz-chalcopyrite veins and 
orthoclase vein halos
Biotite- and orthoclase-altered and mineralised 
diorite, with vein halos of perthitic feldspar 
a& er hornblende and plagioclase phenocrysts. 
Late mineralisation veins contain co-genetic 
chalcopyrite, pyrite, native gold, and magnetite.
Notes, 
interpretation 
Unusual example of quartz as an alteration 
product (as opposed to veins)
Possible replacement of stage I magnetite by 
stage II pyrite
More magnetite than in nearby sample 297-
1361.0
Au (ppm) 0.38 0.07 4.81
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
85 / vfgr / di' use alteration throughout sample 10 / vfgr / throughout groundmass 25 / vfgr / groundmass
Quartz (vein)
40 / < 2 mm wide 6 / veins < 7 mm wide
Plagioclase
(30) / 1 - 3 / subhedral rectangles, some twin-
ning preserved
16 / < 2 / groundmass and relict phenocrysts 
Orthoclase
11 / vfgr / mostly replacing plagioclase, in vein 
halos
26 / vfgr / vein halos of perthitic feldspar
Hornblende 
(relict)
(5) / 2 / subhedral rhombs (15) / 0.6-2 / subhedral 
Biotite
5 / vfgr / in di' use patches < 1 cm 10 / vfgr / a& er hornblende and throughout 
groundmass
13 / < 0.5 / secondary disseminated
Chlorite




and / or clays
3 / throughout sample 15 / a& er plagioclase and hornblende pheno-
crysts
3







1 / vfgr / disseminated grains 3 / < 0.01 - 2 / disseminated aggregates and 
veins, some containing magnetite inclusions
2 / < 0.4 / anhedral grains in chalcopyrite Vs 
and rims to Mt
Chalcopyrite
3 / vfgr / disseminated grains 4 / < 0.5 / rimming pyrite-magnetite 6 / veins < 7 mm wide and anhedral dissem
Bornite
Magnetite
0.5 / vfgr / disseminated grains 1 / < 0.05 / inclusions in some disseminated 
pyrite grains
4 / < 0.6 / anhedral disseminated grains in 
diorite, and in di' use veins < 5 mm wide
Specular hematite









Native gold < 0.1 / 0.02 mm / inclusions in 




Hole ID 397 398 398
Depth (m) 1361.0 44.7 101.0
Representative of: Zone Zone Zone 
Protolith lithotype Diorite II (hornblende-plag) Diorite I (plag>hornblende, quartz) ? Diorite I (plag>hornblende, quartz) ?
Mineral assemblage Biotite-orthoclase-quartz-magnetite Quartz-alunite-clays, hematite Quartz-alunite-clays, hematite
Alteration texture Selective, vein, and vein halo Pervasive, texturally destructive Pervasive, texturally destructive
Alteration intensity Intense Intense Intense
Description Mottled black and pale pink, biotite- and 
orthoclase-altered and mineralised diorite, with 
chalcopyrite-pyrite-magnetite(+quartz) veins 
with wide alteration halos of perthitic feldspar 
a& er hornblende and plagioclase phenocrysts
White (quartz+alunite) and red (hematite) 
altered rock with wormy quartz veins and frag-
ments of quartz veins 
Pitted / vuggy red, black, and white, intensely 
quartz- and alunite-altered quartz vein stock-
work through plagioclase- and quartz-phyric 
diorite, with two preserved quartz phenocrysts 
< 3 mm across. Vuggy pits occur mostly in 
between the quartz veins. 
Notes, 
interpretation 
Examples of orthoclase halos a& er relict horn-
blende phenocrysts.  
Acid-altered quartz stockwork veins; 106 ppm 
As; 11 ppm Mo
Quartz phenocrysts preserved in quartz-veined 
and acid-altered stage I diorite; 116 ppm Mo; 
871 ppm As; 0.08 % S; 
Au (ppm) 4.35 1.6 0.69
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
15 / vfgr / groundmass 95 / < 0.5 mm (including vein quartz in pro-
tolith)
84 / < 0.8 mm / throughout, including vein 
quartz in protolith
Quartz (vein)
9 / veins 1-6 mm wide
Plagioclase
10 / vfgr to 2 / groundmass and relict pheno-
crysts 
Orthoclase
25 / vfgr / vein halos of perthitic alteration and 
thin rims to phenocrysts
Hornblende 
(relict)
(10) / 0.5-1.5 / subhedral 
Biotite
13 / < 0.5 / secondary disseminated
Chlorite




and / or clays
5 / throughout sample 4 / distributed throughout sample (between 
quartz veins)
6 / pervasive alteration throughout sample







4 / < 0.6 / anhedral grains in chalcopyrite Vs 
and rims to Mt
Chalcopyrite
15 / veins < 20 mm wide and anhedral dissem 
in vein halos




2 / < 0.5 / anhedral disseminated in diorite and 
some inclusions in chalcopyrite veins
Specular hematite













Hole ID 398 398 398
Depth (m) 150.5 153.5 201.0
Representative of: Vein (colloform alunite) Zone Zone
Protolith lithotype Diorite I (plag>hornblende, quartz) Diorite I (plag>hornblende, quartz) Diorite I (plag>hornblende, quartz)
Mineral assemblage Alunite-orpiment-pyrite-marcasite-galena Quartz-alunite-pyrite-covellite-quartz Quartz-alunite-clays-pyrite-covellite-tennantite
Alteration texture n/a Pervasive and vein Pervasive and vein
Alteration intensity n/a Intense Intense
Description Colloform banded alunite-sul! de-sulfosalt 
vein, through alunite- and covellite- altered 
relict quartz diorite. ~1/3 of the vein alunite is 
inward-radiating botryoidal fans of subhedral 
laths < 2.5mm long. Minor chalcocite occurs in 
colloform bands as lamellae and wormy sym-
plectite bands within pyrite. Trace galena grains 
occur within the alunite vein. 
Mottled grey, intensely quartz- and alunite-
altered plagioclase- and quartz-phyric diorite 
with abundant pyrite and minor covellite. 
Covellite-bornite veins occur in the hand 
sample, but are not evident in the thin section 
area. Covellite occurs mostly as a ! ne coating to 
disseminated pyrite grains. 
Mottled dark grey (quartz veins) and white 
(alunite), intensely altered diorite containing 
relict quartz-molybdenite stockwork veins, and 
abundant secondary disseminated pyrite.
Notes, 
interpretation 
Trace galena with alunite. Orpiment indicates 
relatively low T. 
Stage I quartz-molybdenite veins preserved in 
lithocap; 330 ppm Mo; malachite developed on 
surface of drill core; 0.8 % Cu; 1120 ppm Zn
Au (ppm) 0.69 0.35 0.63
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
15 / vfgr / groundmass 66 / < 0.9 / vfgr throughout sample, and < 0.9 
mm in veins
Quartz (vein)
31 / veins 1-9 mm wide / relict barren Vs (40) (included in protolith abundance above)
Plagioclase









and / or clays
5 // a& er groundmass 15 / di' use patches in between quartz veins, 
producing semi opaque appearance





95 / vfgr sugary and some < 2.5 / most of vein 
contains small equant grains, some bands are 
28 / < 0.5 / randomly oriented anhedral laths 
(tabular) 
10 / < 0.2 / ! ne randomly oriented laths in dio-
rite, commonly radiating from pyrite grains
Anhydrite
Pyrite
2 / < 0.5 / f dissem and in colloform bands < 
0.5mm wide with orpiment and chalcocite
20 / 0.2-1 / anhedral diss outside of quartz Vs 7 / < 0.6 / anhedral grains and aggregates 






Galena < 1 / < 0.5 / sparse anhedral crystals in alunite
Covellite 1 / vfgr / partly rims some pyrite 2 / < 0.3 / mostly as ! ne rims to pyrite





Orpiment < 1 / < 0.5 / in round concentric ra-
dial growths in alunite, some in bands with py
Tennantite < 1 / < 0.5 / disseminated and as 
rims to pyrite
Tennanite < 1 / < 0.1 / small inclusions in dis-
seminated pyrite and covellite
Other mineral 
(speci! ed)
Digenite < 1 // thin rims to some pyrite
A - 186
Hole ID 398 402 402
Depth (m) 358.9 566.3 569.3
Representative of: Zone Zone Zone
Protolith lithotype Metasandstone Metasiltstone Metasiltstone
Mineral assemblage Covellite-chalcocite, a& er muscovite-hematite Biotite-magnetite-hematite Biotite-magnetite-hematite-chalcopyrite
Alteration texture Vein and pervasive texturally destructive Vein, vein halo, and pervasive Vein, vein halo, and pervasive
Alteration intensity Intense Strong Strong
Description Unusual peach, white, and red coloured quartz-
veined rock; peach colour in altered wallrock is 
due to combination of very ! nely disseminated 
covellite - chalcocite and hematite. Paragenesis 
indicated is: biotite - muscovite - hematite 
alteration and quartz - chalcopyrite veins // clay 
veins and alteration with covellite - chalcocite 
mineralisation.
Dark grey-brown, strongly biotite-altered 
metasiltstone, cross-cut by a quartz-specularite-
chalcopyrite-pyrite vein 1 cm wide, with dis-
seminated magnetite vein halos that are di' use 
over several mm. 
Black, biotite-altered metasiltstone with a 
quartz-specularite-chalcopyrite-pyrite vein > 
7 cm wide (a part of which is seen in the thin 




147 ppm Mo; 587 % Zn; 1.16 % Cu; 4.6 % Cu; Evidence of redox front, from (relatively) oxi-
dised vein Q uid into wallrock
Au (ppm) 0.87 0.12 0.22
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
20 / vfgr throughout sample 35 / vfgr / rounded grains in wallrock 11 / vfgr / grains in wallrock
Quartz (vein)
40 / 1 - 12 mm wide 25 / 0.5 - 60 / locally laminated veins 64 / wide vein containing specularite, chalcopy-
rite, and pyrite
Plagioclase





12 / vfgr throughout sample 25 / vfgr / pervasive in wallrock only 9 / vfgr / pervasive in wallrock only
Chlorite
3 / as in biotite 1 / as in biotite
Actinolite
Muscovite (visible)
7 / vfgr / as in biotite 1 / vfgr / as in biotite
Muscovite (sericite) 
and / or clays
11 / throughout sample, and in covellite-
bearing veins







1 / vfgr / disseminated grains 1 / vfgr / in small aggregates interstitial to 
specularite in quartz veins, some in veinlets
3 / vfgr / in small aggregates interstitial to 
specularite in quartz-specularite vein
Chalcopyrite
2 / < 1 / in quartz - chalcopyrite veins 3 / as in pyrite 3 / as in pyrite
Bornite
< 1 / vfgr / intergrown with chalcocite-covellite
Magnetite
2 / < 0.1 / disseminated grains in wallrock, most 
abundant nearest the quartz vein margins
1 / < 0.3 / disseminated grains in wallrock, most 
abundant nearest the quartz vein margins
Specular hematite
3 / vfgr disseminated grains throughout sample 1 / 0.3 - 1.2 / subhedral laths in quartz vein 12 / < 10 / aggregates with chalcopyrite in 
quartz veins
Molybdenite
< 1 / as in chalcopyrite
Galena
Covellite 1 / vfgr / disseminated, some halos to clay veins








Hole ID 402 402
Depth (m) 657.0 921.2
Representative of: Zone Vein (quartz-pyrite-molybdenite)
Protolith lithotype Metasandstone Metasandstone-metasiltstone
Mineral assemblage Biotite-magnetite-quartz-chalcopyrite Biotite-quartz-cpy, quartz-pyrite-molybdenite
Alteration texture Vein halo Vein and pervasive
Alteration intensity Strong Strong
Description Dark grey-brown, biotite-altered metasand-
stone with disseminated magnetite and quartz 
- chalcopyrite (+ trace anhydrite) veins < 5 
mm wide. Biotite alteration occurs as di' use 
alteration halos < 1.5 cm wide, near quartz-
chalcopyrite vein margins.  
65% of the sample is a laminated and pitted 
quartz - pyrite - molybdenite vein ~2.5 cm 
wide. Remainder (35%) is dark brown-




Possible shallowest occurrence of anhydrite 
documented at Golpu
Example of a stage I quartz-molybdenite-pyrite 
vein which has not been overprinted by acid 
alteration. Insu|  cient molybdenite for Re-Os 
Au (ppm) 0.14 not available
vol %    /    size (mm)    /   habit, occurrence vol %    /    size (mm)    /   habit, occurrence
Quartz 
(disseminated)
49 / < 1 / rounded grains 14 / < 1 / rounded grains
Quartz (vein)
6 / < 5 mm wide 65 / 25 mm wide / quartz crystals up to 1.5 mm 
long occur at vein margins, terminating inward
Plagioclase





24 / < 0.2 / disseminated throughout, more 
common near vein margins (i.e., vein halos)
12 / < 0.1 / disseminated in wallrock
Chlorite
Actinolite




and / or clays







< 1 ? / < 0.5 / possible anhydrite in quartz veins
Pyrite
2 / vfgr / disseminated grains and in quartz 
veins
1 / < 0.4 / disseminated anhedral grains, mostly 
in quartz vein
Chalcopyrite
2 / within quartz veins 3 / < 0.2 / disseminated grains in wallrock+ 
quartz vein, some irregular aggregates <0.9 mm
Bornite
Magnetite
< 1 / vfgr / disseminated throughout wallrock 
with biotite
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Hornblende- and plagioclase-
phyric Golpu diorite
Post-mineral overburden (e.g., 
Hekeng Breccia; Ch. 3)
Plagioclase- and quartz-phyric 
Golpu diorite
Owen Stanley metaconglomerate
Intensely clay- and alunite-altered 
plagioclase- and quartz-phyric 
Golpu diorite
Interbedded Owen Stanley metacon-
glomerate and metasandstone
Wa!  breccia complex (> 50 %      
visible breccia fragments)
Biotite (not including 
primary igneous biotite)
Orthoclase
Magnetite veins and 
disseminated grains
Pyrite veins and 
disseminated grains
Sericite (muscovite, ± 
kaolinite or illite)
Chlorite ± actinolite
Epidote visible in hand 
specimen
Chalcopyrite veins and 
disseminated grains
Quartz veins
Clay alteration or veins 
with distinct cyan colour 
(primarily dickite) 
Hematite (producing red 
colour) or vein specularite
Molybdenite in vein seams 
or as disseminated grains
Kaolinite (± dickite, mont-
morillonite)
Carbonate veins (calcite, 
rhodochrosite)
Galena and / or sphalerite
Bornite veins and 
disseminated grains
Alunite
Anhydrite veins or possible 
gypsum alteration 
Covellite  ± chalcocite veins 
and disseminated grains
Owen Stanley metasandstone
Wa!  breccia complex (sparse visible 
breccia fragments)
Interbedded Owen Stanley 
metasandstone and metasiltstone
Wa!  breccia complex (containing 
weakly bedded lapilli)
Owen Stanley metasiltstone
Breccia vein containing in! ll of 
< 50 % cement
Weakly consolidated clay or fault 
gouge
Breccia vein containing in! ll of      



















2.0 m:   Polymictic, 60 %-in! ll-supported chaotic breccia with angular to subangu-
lar fragments < 4 cm (most < 1 cm), of which: 70 % are light tan metasiltstone (?), 
and 30 % are light grey mottled and strongly kaolinite-replaced (possible diorite?).  
In! ll is kaolinite-altered, possibly tu' aceous with sparse bedding planes.  
18.5 m:   5 cm ! ne tu'  (?) at 80 TCA.
48.8 m:   Quartz-veined metasiltstone fragment > 10 cm
55.0 m:   Breccia as above, but 10 % of fragments are plagioclase-phyric crystal 
tu' (?)
70.0 m:   Monomictic 75 %-in! ll-supported chaotic breccia with light tan angular 
metasiltstone(?) fragments.
155.3 m:   Larger kaolinite-replaced amoeboid fragments have irregular margins 
-- juvenile magmatic fragments?














235.0 m:   Massive plagioclase crystal tu' (?) with 30-50 % small white plagioclase 
laths 0.5-1.5 mm, 10-20 % rounded grey lapilli(?) 4-8 mm.
265.0 m:   Core chips are jarosite-stained sericite-altered metasiltstone as in rock 
below.  




















150.0 m:   Pyrite preserves relict texture of Q attened tu'  or ! amme(?)
155.0 m:   Fragment-poor (< 5 %) plagioclase-phyric rock w < 1 % rounded quartz 
phenocrysts ~ 1 mm.  fragment content increases down hole.
180.0 m:   Polymictic 70 %-in! ll(tu'  matrix?)-supported breccia with rounded-
subangular fragments, of which: 50 % are light tan (metasiltstone?), 50 % are 
strongly kaolinite+/-dickite+pyrite-replaced fragments (barely visible; relict).
210.0 m:   Fine-grained plagioclase-phyric crystal tu' (?)
229.0 m:   Fragment-poor (< 5 %) plagioclase-phyric rock w < 1 % rounded quartz 















245.0 m:   Box 60 (missing) contains 10.2 m of core, whereas even strongly faulted 
intervals typically contain < 5m -- suggests wide fault zone?
254.0 m:   Soapy gypsum(?)+kaolinite-altered core chips.   
263.0 m:   Monomictic fragment-supported chaotic breccia with rounded frag-
ments of metasiltstone, and clay+sericite-altered hydrothermal sandstone in! ll.  
cross-cut by (1) pyrite veins and (2) rhodochrosite?chrosite-pyrite+/-sphalerite 
vein.
270.8 m:   Molymictic chaotic 50 % in! ll- to fragment-supported breccia with 
angular fragments, of which: 90 % are sericite-altered metasiltstone, some pyrite-
veined, and one rounded 6 cm fragment of quartz-cemented sericite-altered-
fragment breccia.  In! ll is opaque mix of sericite+30 % pyrite+/-kaolinite, likely 
hydrothermal sandstone.
280.0 m:   Monomictic fragment-supported chaotic breccia with angular fragments 
of metasiltstone and sericite+ very ! ne-grained pyrite hydrothermal sandstone 
in! ll.
297.0 m:   Polymictic chaotic fragment- (top) to in! ll- (bottom) supported breccia 
with overall 50 % subangular fragments, of which: 50 % (the largest) are weakly 
sericite+kaolinite-altered metasiltstone, 40 % are grey-yellow moderately sericite-
altered and minor quartz-pyrite-veined fragments,  and 10 % are pyrite-veined 
breccia fragments of composition similar to breccia at 317.3m.  10 cm of tan 
sericite-kaolinite in! ll (no fragments) at 296.5m.  Both contacts apparently missing 
or obscured by broken core.  
317.3 m:   Polymictic chaotic 70 %-in! ll-supported breccia with angular fragments, 
of which: 90 % are sericite-altered metasiltstone, some pyrite-veined, and 10 % 
calcite+pyrite fragments < 2 cm.  In! ll is opaque mix of kaolinite+sericite+30 % 
pyrite, likely hydrothermal mudstone.
335.0 m:   Light grey to tan chips, likely sericite-altered metasiltstone.

































































46.7 m:   Dark tan/red, mostly poorly consolidated polymictic conglomerate to 
breccia, most above 28 metres obscured  by broken core.  ~3/4 is clast-supported, 
with rounded to sub-angular clasts, most slightly elongate parallel to bedding.  
~95% of clasts are red ! ne-grained mudstone , ~5% pale grey quartz+/-clay and 
quartz-chlorite fragments increasing to ~60% to the base of the unit.  lower contact 
is obscured by broken/missing core.  
61.0 m:   Light grey-green, locally pale grey sandstone to polymictic conglomerate, 
matrix and clasts very weakly foliated and consisting of very ! ne-grained. chlorite.  
~60% of clasts are green chloritic phyllite, 30% dark grey mudstone, 10% light grey 
quartz+/-alunite(?), and <1% graphitic fragments.  Locally very strongly hematite-
altered [61.0-68.5] and locally quartz-alunite-bearing [70-72].
68.5 m:   Light grey-green clast-supported polymictic conglomerate similar to 
[46.7-61.0], of larger (<15cm long) rounded clasts of 60% grey-green mudstone or 
phyllite to alunite-altered conglomerate, and 40% weakly sericite-altered andesite 
(?) with sub-ophitic plagioclase laths enclosing dark green pyroxene.  lower contact 
is missing (broken/missing core) 
127.3 m:   Light grey strongly alunite-altered ! ne-grained metasiltstone to 
metasandstone cut by several irregular fractures at ~15TCA.  Most of this interval 
is missing.  
127.6 m:   Finely cross-jointed and fractured clay+hematite-altered metasandstone.  
At the upper contact, hematite has bled into fractures at 16-20TCA a few cm into 
the overlying rock.  
159.0 m:   Pale grey, locally green- to light tan yellow-tinged ! ne-grained metasedi-
mentary rock (chlorite-bearing phyllite) with a moderate planar fabric at 18TCA.  
Foliation-parallel fractures are spaced a few cm apart.  Very weakly pyrite- and 
magnetite-mineralised minor faults (displacement <1cm) have cross-cut these 
fractures.  
159.2 m:   Light pink-grey/beige polymictic chaotic fragment-supported breccia.  
Fragments, making ~80% of the interval, are mostly sub-angular.  95% of fragments 
are light beige schistose and possibly laminated/! nely bedded sericite-altered 
metasedimentary rock as in adjacent intervals, 3% are similar but have a darker 
yellow colour, 2% are dark grey siliceous fragments, and <<1% are rounded pyrite 
clasts up to 5mm across.  In! ll (~20% of interval) is about half pink-grey to darker 
grey very ! ne-grained milled rock, and half hydrothermal cement consisting of 
pyrite and green dickite/kaolinite.  Dickite-pyrite veins are lined by thin (<0.5mm) 
dark selvages (oxidised pyrite?) and at least one has cross-cut both fragments and 
in! ll.  upper contact and lower contact are both missing.  
202.5 m:   Pale grey to yellow-tinged alunite- and clay-altered metasedimentary 
rock as in interval [127.6-159.0], barring locally higher di' use clay contents 
(judged mostly from so& ness and from yellow colour on wet core surface; see alt'n). 
At 179.4m, quartz-pyrite veins are parallel to what may be bedding planes at 12 
TCA, and jog across planes every few cm.  
202.9 m:   Mottled grey and beige chaotic clast-supported breccia.  Very similar to 
interval [159.0-159.2], apart from a lack of dickite (about half of in! ll is quartz-
pyrite cement, the other half hydrothermal mudstone to sandstone), and 3-5% pink 
angular (orthoclase-altered?) fragments 0.2-1cm across.  upper contact is sharp and 
irregular at 26 TCA, and is marked by a vein 3-8mm wide of so&  white material 
(sericitic?) and very ! ne-grained dark green (chl?) with pyrite and <5% epidote.   
lower contact is sharp and irregular at ~30TCA.
228.9 m:   Pale grey to yellow-tinged alunite- and clay-altered metasedimentary 
rock as in [159.2-202.5], containing a few metre-scale intervals of brown-grey 
as opposed to yellow colour (possibly smectite group clays, or di' erent protolith 
composition.)
229.2 m:   Mottled grey (slightly darker than breccia at [202-5-202.9]) chaotic 
fragment-supported breccia.  Clasts are angular to sub-angular, making up about 
85% of the interval.  Of the fragments: 1) 95% are yellow-grey to darker brown-
grey clay-altered metasedimentary rock as in adjacent wallrock, 0.3-5cm across, 
some cross-cut by arrays of subparallel quartz veins a few mm wide; 2) 3% are 
white/translucent grey quartz or strongly silici! ed fragments (possibly of quartz 
vein origin), most rounded and <6 mm across; 3) 2% are pale yellow, strongly clay 
(?) + pyrite-replaced clasts up to 2cm across, one of which contains possible relict 
zoning preserved by the distribution of pyrite.  Of the in! ll (~15% of total interval): 
1) 65% resembles a cement of so&  yellow-grey clay (?) and pyrite, although this 
may represent later replacement of very ! ne-grained rock Q our in! ll; 2) 30% is grey 
to beige hydrothermal mudstone to sandstone; 3) 5% is green-blue dickite, most in 
















237.2 m:   Pale grey to yellow-tinged, locally darker grey (see colour scale), clay-
altered metasedimentary rock as in [202.9-228.9].
239.0 m:   Mottled grey chaotic fragment-supported polymictic breccia similar to 
[228.9-229.2], apart from less cement in! ll; in! ll makes up ~20% of the interval 
and consists of 70% hydrothermal sandstone and 30% pyrite-clay+/-dickite vein-
ing/cement.  Decreasing fracture density towards upper contact from chaotic to 
about 10cm of jigsaw-! t breccia.  
246.0 m:   alunite, clay-altered metasandstone to siltstone
246.1 m:   Chaotic to rotated fragment-supported breccia similar to previous inter-
vals apart from entirely hydrothermal sandstone in! ll.  Both contacts are missing 
(broken core).
263.1 m:   clay-altered metasandstone to siltstone as in interval [202.9-228.9].  
Quartz-pyrite veins make up about 5-10% of the interval, except for the lowermost 
four metres, with about 20% veins
266.3 m:   Angular fragment-supported chaotic breccia similar to breccia intervals 
above [246-246.1] in terms of fragment types and abundances, but containing two 
large (5-6cm across) angular fragments of clay-altered yellow-grey rock rimmed 
by yellow alteration halos 1mm wide (as in clay vein selvages and di' use alteration 
in adjacent rocks;  suggestive of breccia Q uid relationship to di' use clay alteration 
elsewhere uphole?).  upper contact is sharp at 50TCA, lower contact missing.  
275.6 m:   clay-altered metasandstone to siltstone as in interval [202.9-228.9].
275.7 m:   Chaotic, rounded, in! ll- to fragment-supported polymictic breccia con-
taining quartz-rich grey-brown and yellow clasts 0.1-6cm across (fewer fragment 
varieties than in most breccia intervals).  In! ll makes up ~30% of rock, of which: 1) 
50% is so&  (H~4) pink very ! ne-grained cement (hematite+clays?); 2) 40% is very 
! ne-grained anhedral pyrite, in irregular aggregates or blebs, some of which may 
have a secondary vein origin (i.e., cross-cutting the breccia in! ll, though not the 
fragments); 3) 10% is grey-beige hydrothermal mudstone.  upper contact is sharp 
and nearly planar at 56TCA. 
318.6 m:   clay-altered metasandstone to metasiltstone as in interval [202.9-228.9].
~319 m:   Breccia similar to [159.0-159.2]. upper contact is sharp and planar at 
60TCA, lower contact is missing.  
331.2 m:   clay-altered metasandstone to metasiltstone as in interval [202.9-228.9].
339.0 m:   clay-altered metasandstone to metasiltstone as in interval [202.9-228.9], 
but with slight epidote-green colour (possible minor sericite-epidote component?).
431.6 m:   Light grey-green, locally yellow-tinged (see colour specs) sericite-altered 
metasandstone, containing a few intervals of clay veins (or clay selvages to quartz 
veins).  [367.4-370.0] contains several pyrite veins, at ~15% of total interval, and 
minor chalcopyrite. 
440.4 m:   As above, but quartz-pyrite, pyrite, and minor dickite-pyrite have wider 
(0.1-3cm) dark/black selvages.  
443.3 m:   quartz-pyrite and later dickite veined sericite+/-clay altered metasand-
stone.  
451.0 m:   Light grey-green sericite-altered metasandstone as in [339.0-431.6], with 
di' use contacts on the basis of colour only.  
456.5 m:   Slightly yellow-tinged, weakly clay-altered and quartz-pyrite veined rock 

















483.0 m:   Variably yellowish (clay) to greenish (sericite-epidote) tinged metasand-
stone with  two dominant vein series: V1: quartz <2cm at 11TCA, without selvages, 
V2: Dark brown (oxidised or possibly marcasite?) pyrite veins <3mm wide at 55-70 
TCA.
484.6 m:   Very poorly consolidated light grey rock, likely a strongly weathered/
porous uphole equivalent of vuggy Mo-bearing veins (e.g., at [716.4]).  Resembles 
a poorly consolidated breccia, but unlike breccia intervals above, contains ~equant 
white and grey sub-angular quartz fragments 0.3-1cm across.  In! ll, where pre-
served, is quartz or amorphous silica (possible so&  white clay material as well), very 
porous/vuggy, and contains ! nely disseminated euhedral pyrite coated in sooty 
black material (overall pyrite content is ~5-10%).  In! ll also contains <3% light 
blue dickite, as later di' use veins through in! ll or open spaces.  Both contacts are 
missing (broken core).
506.0 m:   As in interval [456.5-506.0].  
528.0 m:   As in previous sericite+/-epidote-altered intervals barring fewer sub-
intervals of yellow/clay selvages.  
551.0 m:   As above, light beige, locally yellow and green-tinged
618.0 m:   Largely sericite-altered metasandstone as in [528.0-551.0], but with 
greater local variation in strong orange to red colour from core weathering, likely 
reQ ecting sul! de abundance; intervals [585-592], [614-616], [620.5-625] have a 
strong orange to red colour.
620.5 m:   Dark brown-grey, so&  phyllite with 2-3% ! nely disseminated pyrite and 
5-8% vein pyrite+/-chalcopyrite.  Contacts of this unit are missing/obscured by 
broken core.  
625.4 m:   As in interval [551.0-618.0], with lower contact di' use over several 
















733.4 m:   Metasandstone similar to above sericite+/-clay-altered intervals apart 
from a slightly darker brown colour from weak (~10%) di' use biotite alteration, 
not distinctly associated with vein selvages (photo).  Density of veining and overall 
biotite content (associated with darker colour) gradually increases downhole, and 
lower contact is arbitrarily based on a transition to very dark grey-brown.  At [628], 
sericitic selvages have overprinted biotite/potassic alteration (photos). 
756.4 m:   Black or very dark grey-brown, strongly biotite-altered metasandstone 
(rounded quartz grains of protolith are more obvious in a biotite-altered matrix).  
Several so& er sub-intervals contain fractures or veinlets weathered to jarosite (yel-
low) and hematite (red), producing an overall dark tan tinge.  
805.7 m:   As above, with slightly higher overall vein %.  " is interval also contains 
several molybdenite-bearing quartz-pyrite veins as described in the interval below.  
Sub-interval [759-765] has a dark red tinge reQ ecting higher sul! de content (V 
pyrite ~5-20%, V chalcopyrite 1-2%).  
806.0 m:   Grey or  weakly pink-grey vein 15cm wide of translucent to opaque 
quartz (98%), pyrite (2%, most ! nely disseminated in di' use bands parallel to 
veining), and molybdenite (<1%, along seven distinct hair-thin bands parallel to 
veining, not symmetrical, but most concentrated towards the middle of the vein).  
Distinct texture is produced from vugs/pores up to 6mm wide, between quartz 
fragments, lined with prismatic-terminating quartz crystals and euhedral pyrite.  
" is is similar to other veins hosting Mo above and below this interval, though 
most are a few mm wide.  Veins at [716.4] and [483.0-484.6] are more vuggy/pitted 
and poorly consolidated.  
809.0 m:   Black or very dark grey-brown strongly biotite-altered metasandstone as 
in interval [733.4-756.4]. 
809.5 m:   Dark grey-brown strongly biotite-altered metasandstone as in interval 
[733.4-756.4], but with strong red tinge (weathering of pyrite in core). 
847.0 m:   Black or very dark grey-brown strongly biotite-altered metasandstone as 
in interval [733.4-756.4]. 
850.0 m:   Biotite-altered metasandstone, with slightly lighter colour (lower biotite 
content?) than adjacent intervals.  
892.0 m:   Dark grey-brown biotite-altered rock as in interval [733.4-756.4], with a 
few slightly lighter coloured or dark tan-red sub-intervals. 
907.0 m:   As in interval [733.4-756.4], with dark red tinge likely reQ ecting higher 
sul! de content.  Lowermost ten metres contain texturally desctructive biotite 
alteration; little/no indication of protolith composition or grain size. 
910.2 m:   Black, strongly biotite-altered very ! ne-grained rock.  Lower contact 
to porphyry is sharp and marked by 5cm of strongly magnetic medium-grained 
chaotic in! ll-supported breccia of light grey porphyry or quartz vein fragments in 
















1012.0 m:   Light grey, ! ne-grained hornblende- and plagioclase-phyric diorite 
porphyry.  It consists of ~50% plagioclase laths <0.5mm long, ~5% orthoclase (?) 
interstitial to plag and hornblende (no quartz phenocrysts), 20% so&  pale green 
subhedral hornblende rhombs (some laths?) 0.5-2mm long, and 10-25% ! nely 
disseminated to clotty magnetite (though the interval is non-magnetic within a few 
metres of the upper contact).  Most of the unit is cut by ~10-30% sharp-walled and 
laminated quartz and quartz-magnetite veins (magnetite usually at vein margins, 
minor chalcopyrite+/-bornite in centres).  Some bornite observed may be distinctly 
blue-violet weathered/oxidised chalcopyrite (?) based on yellow colour on fresh 
surfaces, though bornite at [913.1] was reported in earlier logs.  " e composition of 
this unit varies mostly in amounts of quartz+/-bornite+/-chalcopyrite+/-magnetite 
veins, in amounts of biotite, and in the ratio of black (least-altered) to pale green 
and so&  (sericite+chl-altered) hornblende phenocrysts.  
1012.1 m:   Chaotic fragment- to in! ll-supported breccia containing ~60% frag-
ments, of which: 99% are angular clear or milky quartz (vein) fragments 0.1 to 
at least 3cm across, the largest also brecciated (i.e. some breccia fragments are 
brecciated quartz vein material in a quartz in! ll); and 1% are bornite which may 
either be fragments 1mm across, or they may have been originally hosted withing 
the quartz fragments.  Of the in! ll, 70% is hydrothermal sandstone and 30% is very 
! ne-grained brown to black material (likely biotite).  
1145.0 m:   Light grey porphyry as above, with little variation apart from paucity of 








































































55.0 m:   Poorly consolidated, hematite altered Hekeng breccia.  ~ 20 % of clasts are 
altered to white quartz-alunite+/-kaolinite.




231.0 m:   Polymictic 40 %-in! ll- to fragment-supported chaotic breccia with angu-
lar fragments, of which: 55 % (the largest) are quartz-veined metasiltstone, 30 % (< 
2 cm) are metasandstone, and 15 % are quartz (possible fragments of quartz veins).  
In! ll is hematite-altered hydrothermal sandstone of similar composition to larger 
fragments, locally quartz-cemented hydrothermal sandstone.  In! ll and fragments 
are hematite-altered, fragments were hematite-replaced mostly at their margins.   
245.0 m:   Poorly consolidated, black clay.  fault(?)  
274.0 m:   Polymictic fragment-supported chaotic to (along walls) jigsaw-! t brec-
cia with angular fragments, of which: 90 % are sericite-altered metasiltstone as in 
wallrock, and 10 % are translucent kaolinite+dickite kaolinite fragments.  In! ll is 
~ 95 % kaolinite with < 5 % ! nely disseminated pyrite.  One contact visible, sharp 
and irregular at approx 0 TCA. 
340.0 m:   Locally dark colour to sericite+/clay alteration (smectite?).
Size 
(mm)










































760.0 m:   Almost least-altered metasandstone, barring decimetre-scale intervals of 
quartz-pyrite veins with sericite halos and weak biotite alteration (biotite halos to 
quartz veins at depth).
905.0 m:   Undulating, patchy early quartz veins.

















1116.4 m:   Possible monomictic rotated fragment-supported breccia (?--poor core 
recovery).  fragments (80 %) are quartz-veined diorite, in! ll (20 %) is quartz-
chalcopyrite-orthoclase-biotite cement.  No contacts preserved.  May be dense vein 
network a& er quartz-veined diorite, as opposed to breccia? 
1120.0 m:   Sericite + chlorite a& er plagioclase phenocrysts and throughout 
groundmass.
1171.5 m:   Coarse-grained biotite patch 10 cm wide with very ! ne-grained chalco-
pyrite interstitial to biotite laths.  
1182.0 m:   Monomictic 80 %-in! ll-supported chaotic breccia with angular frag-
ments 1-40 mm of pale orthoclase+/-sericite-altered diorite (?) Q oating in a weakly 
sericite-altered hydrothermal sandstone in! ll replaced by ~ 70 % magnetite and 
chlorite a& er sericite (N.B. magnetite replacement, not cement).  Upper contact ob-
scured by quartz veins, lower is missing core.  breccia contains no visible sul! des, 
and (along with magnetite-replaced in! ll) was cross-cut by 2 generations of quartz-

















1200.0 m:   Orthoclase alteration is patchy, di' use.
1210.0 m:   Large (4 mm) round sericite+chlorite-altered plagioclase phenocrysts.
1220.2 m:   Late chalcopyrite veins (a& er quartz veins with orthoclase halos) are 
locally molybdenite-bearing as round inclusions 1-2 mm across.
1246.0 m:   Monomictic 95 %-in! ll-supported breccia vein with angular quartz 
fragments Q oating in a chalcopyrite(+trace patchy molybdenite) cement in! ll.  
Both contacts are irregular at ~ 35 TCA, and marked by euhedral inward-terminat-
ing quartz crystals ~ 1-2 mm long.
1306.6 m:   Vein and alteration sequence observed as follows: 1 (! rst) - dissemi-
nated magnetite, chlorite alteration of phenocrysts, and orthoclase vein at 11 TCA, 
2- quartz-biotite vein, 3- magnetite veinlet, 4- quartz veins at 40 TCA, 5(last)-chal-
copyrite veinlets cross-cutting and locally exploiting (running parallel to) previous 
vein contacts.  
1310.0 m:   Pyrite-rhodochrosite-quartz+/-chalcopyrite cross-cuts porphyry, quartz 
veins with orthoclase+/-sericite halos, and chalcopyrite veins.  " is was cross-cut 
by a few subparallel hair-thin to locally mm-wide metallic grey (tennantite? enar-
gite? non-magnetic, grey streak) veinlets at ~ 10 TCA. 
1328.6 m:   Irregular patch ~ 6 cm long of coarse-grained biotite laths with 
interstitial quartz and terminating into quartz+chalcopyrite.  Margins of this 
coarse-grained biotite-quartz vein/zone are at ~ 5-20  TCA and rimmed by a white 
orthoclase selvage 1-4 mm wide into host diorite.  
1345.0 m:   A few cm-scale patches of texturally destructive orthoclase Q ooding. 
1370.0 m:   Chlorite a& er biotite phenocrysts is spatially associated with di' use 

















1433.5 m:   Interpreted sequence: 1- orthoclase halos, magnetite throughout 
groundmass, 2-quartz veins with orthoclase halos, thin quartz-chalcopyrite+/-
bornite veins.
1470.0 m:   Bornite is very ! nely disseminated through porphyry.  bornite associ-
ated with region of largest phenocrysts?  
1476.6 m:   Bornite is very ! nely disseminated in quartz veins.  molybdenite is very 
! nely disseminated through porphyry.  
1530.0 m:   High magnetite content is mostly di' use vein halos, but some may be 
primary magmatic.  " is magnetite-rich interval contains fewer preserved plagio-
clase phenocrysts than adjacent porphyry.  
1549.0 m:   Chlorite clots ~ 7 mm across with ! nely disseminated chalcopyrite 
along margins.  
1581.2 m:   ~ 1m of di' use quartz + 5-10 % ! nely disseminated chalcocite, pyrite, 
and chalcopyrite, cross-cut by two breccia veins 0.5-2 cm wide of quartz-pyrite 
fragments < 5 mm in a pyrite-chalcocite cement in! ll.  Both breccia veins have 
sharp contacts at 12-20 TCA, marked by 3-5 mm of inward-terminating quartz 
crystals.  
1620.0 m:   Very ! nely disseminated molybdenite through porphyry.
1628.0 m:   3 cm long rounded grey xenolith of plagioclase-phyric very ! ne-grained 
(sub-mm phenocrysts) diorite, within plagioclase-phyric diorite.  
1640.0 m:   Light grey hornblende+plagioclase-phyric crowded diorite porphyry 
with ~ 65 % hornblende and 15 % plagioclase phenocrysts 2-3 mm in a hard, 
quartz-rich groundmass.  In strongly chlorite-altered zones, plagioclase and horn-
blende phenocrysts can be distinguished by rhombic (hornblende) or rounded and 
blurry (plagioclase) crystals.  
1650.0 m:   Irregular anhydrite vein at ~ 10 TCA occurs with quartz veins in 
porphyry.

















1707.5 m:   Monomictic 60 %-in! ll-supported rotated to in-situ breccia vein with 
angular biotite-altered metasandstone fragments (wallrock) in mm-scale crystal-
line anhydrite cement in! ll.  breccia vein has dark biotite+/-actinolite halos < 1 cm 
wide with trace very ! nely disseminated chalcopyrite at its margins.
1791.5 m:   Coarse-grained to laminated quartz veins with seam molybdenite and 
disseminated to seam chalcopyrite cross-cut by sub-parallel anhydrite veins at ~ 30 
TCA.  
1810.0 m:   Where di' use/patchy, chalcopyrite is generally associated with higher 
magnetite content.
1820.0 m:   Very ! nely disseminated pyrite is associated with biotite halos.
1825.2 m:   Chalcopyrite is only hosted in anhydrite veins, whereas pyrite occurs 
with anhydrite vein and disseminated in host. 
1837.3 m:   Chlorite halos around pyrite veins, a& er di' use biotite.
1890.0 m:   2 stages of anhydrite-pyrite veins with biotite halos.  Pyrite and chalco-




















15.0 m:   Vuggy quartz-hematite-alunite altered rock (metasandstone?)
106.0 m:   Least-altered metaconglomerate, excepting sparse calcite-pyrite veins.
186.9 m:   Observed vein sequence: 1- quartz-pyrite veins, 2- carbonate-chalcopy-
rite veins, 3- calcite veins
204.0 m:   Downhole transition from white calcite veins to pink/orange carbonate 
(mostly rhodochrosite?) veins.

















326.6 m:   Monomictic 60 %-in! ll-supported chaotic to rotated breccia vein, 
with angular sericite-altered wallrock fragments 3-9 mm long in a carbonate 
cement+kaolinite+trace pyrite in! ll.  Cement is ~ 60 % pink (rhodochrosite?) 
at margins of vein and ~ 40 % calcite, towards centre with higher kaolin-
ite content.  Both vein contacts are sharp and irregular at ~ 10 TCA.  One 
sphalerite+carbonate+trace galena vein extends at ~ 5 TCA from the margin of the 
breccia vein.  
371.0 m:   Rusty, degraded core.  Few small chips remaining contain carbonate-
pyrite veins.  
390.6 m:   Black Mn oxide on unpolished core surface.  
395.8 m:   Calcite-pyrite+trace galena vein, locally breccia (sul! de fragments in 

















515.0 m:   End of WR392 log.  Start of WR392W_1 log.  
































1090.0 m:   Biotite halos to quartz veins grades over several cm to sericite halos.  
1100.0 m:   Pyrite vein with chlorite halos a& er di' use biotite.  
1151.0 m:   Linear pyrite+marcasite(?) vein 6 mm wide has cross-cut porphyry at 
5 TCA.
1160.0 m:   Light grey plagioclase-phyric(?) diorite porphyry, possible weakly pre-

















1240.0 m:   Weakly biotite-altered ! ne-grained (1 mm) plagioclase+minor 
hornblende-phyric porphyry dyke.  Poor core recovery.  upper contact missing.  
lower contact is sharp with no clear chill margin, angular, and o' set by several thin 
quartz veins, in turn cross-cut by chalcopyrite veins.  chlorite content increases 
within 1 cm of dyke contact with biotite-altered host.
1277.1 m:   Porphyry upper contact is sharp and planar at 70 TCA, contact was 
cross-cut by quartz veins and later chalcopyrite veins. 
1280.0 m:   Linear biotite veinlets through porphyry were cross-cut by chalcopyrite 
veins at 80 TCA.  
1300.0 m:   Grey to darker grey-green, locally pink, plagioclase+hornblende-phyric 
diorite with 40-70 % subhedral chlorite-replaced hornblende phenocrysts mostly 
< 1 mm, some < 3 mm.  Contains trace very ! nely disseminated molybdenite, 
chalcopyrite, and bornite, and 3-15 % disseminated to clotty magnetite through-
out.   bornite, magnetite, and chlorite content increase downhole towards the lower 
contact.
1380.0 m:   Chlorite throughout porphyry, a& er hornblende and biotite pheno-
crysts and biotite in groundmass, and as halos to magnetite, pyrite, and chalcopy-
rite veins.  
1398.0 m:   White quartz+orthoclase-replaced hornblende phenocrysts super! -
















1431.7 m:   Carbonate-pyrite-chalcopyrite vein with trace very ! ne-grained molyb-
denite(?) cross-cuts porphyry at 60 TCA.  
1450.0 m:   Quartz veins increasingly undulating and di' use (margins ~ 1 mm) 
with depth.  
1495.8 m:   ~ 5 cm irregular patch of coarse-grained quartz (6 mm) terminat-
ing centrally to coarse-grained biotite (plates/laths up to 1 cm) with chalcopyrite 
interstitial to biotite laths.  
1530.0 m:   cm-scale di' use magnetite patches/clots with chlorite halos several cm.  
1545.0 m:   < 0.5 % bornite, very ! nely disseminated in groundmass and in chalco-
pyrite veins.   Sublinear chalcopyrite-bornite veins cross-cut all other veins (quartz, 
magnetite, chalcopyrite) at ~ 5 TCA.  
1662.8 m:   Molybdenite in laminar quartz veins with minor chalcopyrite, cross-

















1673.0 - 1680.0 m:   Several cm-wide porphyry dykes within strongly biotite-altered 
and quartz veined metasandstone.  Dyke contacts are irregular, but overall trend 
40-70 TCA.  
1685.0 m:   Coarse-grained biotite clots < 1 cm across are most abundant within 
several metres of porphyry upper contact.
1699.2 m:   Trace molybdenite+chalcopyrite-bearing quartz veins cross-cut barren 
quartz and orthoclase veins+halos.  
1710.0 m:   Decimetre-scale patches of di' use chlorite alteration a& er biotite in 
groundmass, some a& er plagioclase phenocrysts.  
1711.0 - 1740.0 m:   Di' use, round biotite clots < 1 cm sparsely distributed 
throughout porphyry.  
1743.0 m:   Possible ! ne-grained quartz+plagioclase-phyric diorite xenolith 5 cm 
long, margins di' use.  
1790.0 m:   Grey non-magnetic hornblende+quartz+plagioclase-phyric diorite, 
phenocrysts mostly < 2 mm with ! ne-grained biotite in quartz-rich groundmass.  ~ 
10-30 % hornblende as subhedral rhombs < 1.5 mm, ~ 5 % quartz phenocrysts up 
to 3 mm.  Locally magnetic (di' use ! nely disseminated magnetite) with associ-
ated chlorite, and contains sparsely distributed biotite phenocrysts < 5 mm, as well 
as several intervals containing round clots of coarse-grained biotite.  ~ 0.5 % very 
! nely disseminated chalcopyrite and << 0.5 % molybdenite throughout.  
1851.5 m:   Subangular xenoliths < 2 cm of very ! ne-grained biotite-altered diorite 
(?), chlorite replacing biotite a few mm into xenolith margins.  
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25.0 m:   Metaconglomerate as in other Owen-Stanley metaconglomerate intervals: 
poorly sorted rounded clasts 0.5-5 cm, some slightly elongate with weakly preferred 
orientation at ~ 40 TCA, supported in a chloritic sandy matrix.  A few cm-scale 
intervals of low quartz-alunite-hematite content have colour typical of greenschist 
facies metaconglomerate (mostly chlorite). " is interval was previously logged as 
Wa!  breccia complex. 
46.0 m:   Vuggy; < 5 % irregular, generally round cavities < 6 mm across through-
out quartz-alunite-altered rock
81.0 m:   Locally least-altered grey-green metasiltstone between quartz-alunite-he-
matite veins.  hematite veins into metasiltstone have alunite halos with sharp mar-
gins, and no hematite veins occur within 5 mm of alunite-metasiltstone boundary.  
160.0 m:   Core chips (few available) are moderately sericite-altered metasandstone 




















10.0 m:   Rusty and unconsolidated drill core.
41.0 m:   Sparse pyrite-quartz+/-magnetite veins have dark green halos < 1 mm 
(chlorite?)
80.0 m:   Di' use hematite altered metaconglomerate cross-cut by magnetite-pyrite 
veins.  
155.0 - 192.0 m:   Grey-green weakly altered metasedimentary rock apart from 
slightly darker to brown colour from weak biotite+/-chlorite halos to magnetite 
veins.  A few sparse intervals < 1 m wide contain rounded clasts several cm across; 
















238.0 m:   Strongly hematite + jarosite stained chips to mud.
284.0 m:   In small metaconglomerate interval, selective replacement of metacon-
glomerate clasts at intersection of two magnetite veinlets shows cm-scale alteration 
zoning from dark brown (biotite only)-->light tan, so&  (sericite?)-->darker grey-
green (least-altered/metamorphic) with increasing distance from magnetite veins.  


































785.6 m:   Molybdenite-bearing quartz vein was cross-cut by irregular pyrite v.  
















975.8 m:   ~ 1 m interval of sericite-altered rock has unusual red tinge (hematite?)
1035.0 m:   Quartz-pyrite veins with sericite halos a& er di' use biotite alteration.

















1305.0 m:   Upper diorite contact is sharp and ~ planar at 90 TCA.  Uppermost 5 m 
of porphyry contains moderately planar fabric from elongation of chlorite-replaced 
hornblende phenocrysts along with quartz veins (cross-cutting other quartz veins), 
both parallel to upper contact at  90 TCA.  
1315.5 m:   Mottled grey-green crowded hornblende-phyric weakly magnetic por-
phyry, with ~ 60 % chlorite-replaced subhedral hornblende phenocrysts < 2 mm, 
locally < 2.5 mm, in ~ 40 % grey to (where sericite-altered) light grey groundmass 
with very ! ne-grained biotite + orthoclase(?). 
1318.6 m:   Very ! nely disseminated molybdenite and disseminated chalcopyrite to 
di' use chalcopyrite veins throughout porphyry.
1320.4 m:   Quartz-pyrite-molybdenite vein, with molybdenite as rounded blebs ~ 
1 mm.  
1366.0 - 1380.0 m:   Most quartz veins are laminated and subparallel at 50-60 TCA 
(i.e., sheeted quartz veins) 0.2-5 cm wide, with sparse rounded biotite blebs < 5 mm 
parallel to veins in small spaces between veins. 
1382.9 m:   No planar fabric evident.  Sparse biotite patches < 8 mm across partially 
replaced by chlorite.  
1383.2 m:   Lower contact of porphyry is planar at 40 TCA, appears to be di' use 















1470.0 m:   Mottled light grey quartz+plagioclase-phyric non-magnetic diorite por-
phyry,  with ~ 70 % rounded white (not clear) quartz and plagioclase phenocrysts 
1.5-2.5 mm and < 5 % hornblende phenocrysts < 4 mm in a grey very ! ne-grained 
quartz-rich groundmass.  
1499.7 m:   Porphyry contains black biotite-altered and quartz-veined angular 
xenoliths (wallrock?) < 4 cm.
1500.9 m:   Orbicular diorite?  Up to 60 % round patches of randomly to radially 
oriented biotite 3-12 mm across, partially interconnected, over ~ 4m.  Only a few 
patches are near-spherical; most are slightly polygonal/blocky.  very ! nely dissemi-
nated chalcopyrite occurs mostly along margins of the biotite patches.  chlorite has 
replaced ~ 30 % of the biotite.  Possible minor hematite content in groundmass (to 



















9.0 m:   Mn oxide on fracture surfaces.
34.7 m:   Disseminated epidote a& er rounded grains (plagioclase?) < 1 mm.
60.0 - 150.0 m:   Several calcite to pink carbonate (rhodochrosite?)-cemented 
rounded pyrite(+/-sphalerite, galena) fragment-supported breccia veins make up 
about 1-2 % of this interval.  Most are 2-15 mm wide, with no consistent orienta-
tion noted (e.g., from 20-80 TCA). 
64.4 m:   Pyrite-fragment-supported carbonate-cement in! ll breccia vein 6 cm 
wide at 75 TCA.  Di' use dickite-kaolinite veining runs through in! ll and is di' use 
from margins of breccia vein over several cm.  
112.0 m:   Upper contact of metaconglomerate is sharp, planar, possibly weakly 
sheared, at 10 TCA.  
123.0 m:   Rhodochrosite-cemented pyrite-fragment breccia vein, containing two 
red sphalerite clasts and very ! nely disseminated galena (both < 1 % of vein).   
breccia vein is 2-3 cm wide with ~ 5 mm pyrite along both sharp irregular/undulat-
ing margins at ~ 30 TCA.  
















331.4 m:   Metasandstone bedding/laminae 1-15 mm wide at 52 TCA. 
340.0 m:   mm-scale quartz-sericite intergrowths produced mottled texture in 
sericite-altered metasandstone.  
395.5 m:   Polymictic chaotic fragment-supported breccia, with 80-90 % angular 
pyrite fragments 0.1-10 cm, of which 20 % are distinctly pitted on fresh surface 
("vuggy pyrite"?).  In! ll is ~ 90 % pyrite+/-marcasite cement and ~ 10 % medium-
grained crystalline calcite cement.  breccia vein is > 70 cm wide, with both upper 

















479.8 m:   Pyrite fragments in calcite-cemented breccia vein 2 cm wide at 22 TCA.
510.0 m:   Weak di' use chlorite-epidote alteration.  
545.0 m:   ~ Equally sparse veins of early deformed quartz+/-pyrite veins and late ~ 
planar quartz-pyrite veins < 1 mm.
















759.0 m:   Quartz-pyrite-kaolinite vein at 45 TCA with di' use dickite+kaolinite 
halos over several cm. 
















983.4 m:   Most biotite is di' use, some in selvages or sharp halos 1-2 mm wide.  
Most quartz-pyrite veins with biotite halos are lined by < 0.5 mm dark green chlo-
rite (or actinolite?).  
987.0 m:   Quartz-pyrite vein 3.5 cm wide with broad (4 cm) orthoclase halos into 
biotite-altered wallrock, at 50  TCA.  
~ 1000.0 m:   Red hue to biotite alteration (disseminated hematite?).
1037.5 m:   Quartz+orthoclase with biotite in round and ~ evenly distributed dif-
fuse blotches/spots 0.5-2 mm 
1055.0 m:   ~ 1 % chalcopyrite is very ! nely disseminated through quartz veins and 
as 1 mm blebs in chlorite-magnetite interstices to quartz veins.  magnetite is di' use 
to clotty and red (hematite-altered) on polished surface.  
1055.0 - 1124.0 m:   Light grey to dark grey-green hornblende-phyric (?) diorite 
with blurry relict hornblende phenocrysts < 2 mm and 20-70 % quartz veins.   
Contains ~ 0.5 % very ! nely disseminated chalcopyrite and < 0.5 % molybdenite. 
upper contact obscured/cross-cut by quartz veins.  Locally mottled red-orange. 
1093.5 m:   Stockwork quartz-veined porphyry with unusual red-orange colour 
from < 5 % hematite staining in sericite halos to quartz veins.
1119.0 m:   Mottled red, green, and white to yellow quartz-Q ooded (di' use 
alteration without distinct veins) to 20-30 % quartz-veined chlorite-magnetite-
hematite-altered porphyry with very ! nely disseminated chalcopyrite, molyb-
denite, and pyrite between quartz veins.  Red and green colours of porphyry are 
from hematite-altered magnetite clots and di' use chlorite, respectively; yellow is 
hematite staining to sericite alteration.  
1124.0 m:   Possible quartz-veined upper contact of later porphyry phase [1130-
1180m]?
1130.0 - 1180.0 m:   Hornblende-phyric porphyry with trace chalcopyrite as in 
adjacent intervals, apart from ~ 30 % bright green to teal chlorite a& er hornblende 
and di' use through groundmass. hornblende occurs anhedral-subhedral pheno-
crysts 1-2 mm, and possibly in groundmass with biotite?   
1138.0 m:   Fragment- to in! ll-supported quartz-cemented breccia vein with ~ 60 
% fragments ~ 1 mm, of which 70 % are magnetite, 30 % pyrite.  pyrite fragments 
occur in irregular patches segregated from magnetite-fragment vein.  breccia vein 
upper contact and lower contact are planar at 50 TCA, and have 1 cm chlorite halos 
into adjacent porphyry.   
1180.0 - 1220.5 m:   Light grey to mottled brown+grey hornblende-phyric(?) por-
phyry with white quartz+sericite-altered phenocrysts 1-2 mm (hornblende?) in a 
locally orthoclase-bearing groundmass.  orthoclase alteration, disseminated + vein 
biotite, and disseminated + vein chalcopyrite are more abundant than in porphyry 
















1211.5 m:   Vein sequence as follows: 1- di' use ~ planar biotite (+/- chlorite) veins 
through porphyry, 2- planar quartz veins > 5 mm, 3-undulating quartz+/-chalco-
pyrite veins ~ 2 mm
1300.3 m:   Weak red hue to biotite alteration.
1361.0 m:   Orthoclase altered hornblende- and plagioclase-phyric porphyry.  



















13.0 - 49.5 m:   Alternating intervals of monomictic breccia veins with quartz 
or quartz vein fragments in alunite-kaolinite-quartz in! ll, and strongly alunite-
quartz-kaolinite+/-hematite-altered quartz-phyric diorite (?) without clasts.  
15.5 m:   20 cm interval of dark green clay-rich degraded core corresponding to ~ 
300 ppm Mo.  No molybdenite visible in core sample.
25.0 m:   Monomictic chaotic in! ll-supported breccia vein 0.5-2 cm wide with 
rounded to angular quartz or quartz veins fragments 0.5-3 mm in alunite-
kaolinite+/-quartz in! ll (in! ll is powdery; cannot determine whether cement or 
clastic).  upper contact and lower contact very irregular at ~ 30-80 TCA.  
44.7 m:   Polymictic chaotic in! ll- to fragment-supported breccia with subangular 
diorite fragments < 4 cm, each containing multiple cross-cutting ~ planar quartz 
veins, and < 30 % quartz fragments < 5 mm.  breccia was cross-cut by thin alunite-
hematite-quartz hydrothermal sandstone breccia vein (small fragments < 2 mm 
likely quartz only).  lower contact obscured by quartz-alunite alteration and quartz 
veins, drawn based on downhole transition to no visible fragments.  
54.0 m:   Relict wormy, deformed laminated quartz veins (laminated quartz stock-
work protolith?).
79.0 m:   Degraded core: dark red to purple (strongly hematite altered) mud
90.3 m:   Core chips are relict quartz stockwork with >30 % quartz veins.
120.0 m:   Quartz stockwork-veined and kaolinite-altered diorite as in above inter-
vals apart from preserved pyrite (below surface oxidation zone) and less alunite.  
146.0 m:   Lowest porous/vuggy quartz-kaolinite-pyrite.  
149.0 m:   Chalcocite veins and halos a& er vein and disseminated pyrite.  
150.5 m:   ~ 20 cm interval of vein so&  pale yellow-grey colloform alunite veins 
with ! ne-grained pyrite and possible orpiment or native sulfur visible along lami-
nae. Both vein contacts are missing / obscured by broken core
153.5 m:   Chalcocite vein 1 cm with halos of vein-parallel veinlets up to 5 
cm from vein, some of which have cross-cut pyrite veins (i.e., not only pyrite 
replacement),and di' use chalcocite a& er pyrite.  vein is slightly undulating at 30-40 
TCA.  
201.0 m:   Trace disseminated chalcocite a& er pyrite.
207.6 m:   White kaolinite and/or alunite(?) veins < 2 mm follow and locally cross-
cut pyrite veins.
213.3 m:   Chalcopyrite-molybdenite vein (molybdenite as inclusions < 5 mm) was 
cross-cut and partially replaced along margins by a di' use pyrite vein, both at ~ 
80-85 TCA.
220.0 m:   5 cm window of biotite+chlorite-altered metasandstone between kaolin-
















232.4 m:   Diorite (?) cross-cut by irregular quartz veins 4 cm wide.  Diorite 
contains ~ 2 % very ! nely disseminated pyrite.   upper contact and lower contact 
unclear, estimated on basis of hardness (harder quartz-phyric diorite). 
255.8 m:   Strongly deformed/wormy and moderately kaolinite-altered quartz 
stockwork veins < 6 mm wide, mostly sub-parallel, with very ! ne-grained chalcoc-
ite and pyrite in quartz-phyric diorite(?) between veins.  
272.6 m:   Grey crowded quartz- and plagioclase-phyric diorite porphyry(?) with 
pyrite rimmed by chalcocite (later chrysocolla-altered on core faces) mostly in 
groundmass.  kaolinite alteration occurred almost throughout groundmass.  
313.3 m:   Monomictic chaotic fragment-supported breccia with subangular diorite 
fragments 0.2-2.5 cm in a biotite-altered hydrothermal sandstone in! ll, cross-cut 
by a chalcopyrite-molybdenite vein.
335.2 m:   Dark grey quartz-rich metasandstone(?) was cross-cut by quartz veins 
and later specular hematite+chalcopyrite veins.  Specular hematite veins have 
magnetite halos over a few cm into wallrock.  

















470.0 m:   Hematite, jarosite, and minor dickite (not chrysocolla) on core chips and 
clay.  
520.8 m:   1.5 cm quartz-molybdenite vein through metasandstone at 25 TCA.
620.0 m:   Biotite-altered (dark brown/black) to hematite+jarosite-stained core 
chips and clay. 















730.0 m:   Quartz-rich metasandstone(?)
790.0 m:   White sericite+kaolinite+pyrite altered quartz-rich metasandstone(?). 
Sparse quartz grains < 1 mm occur throughout the interval.
810.0 m:   Most quartz veins < 1 mm.



















30.0 m:   Rounded and elongated metaconglomerate clasts barely visible due to 
vuggy quartz-alunite (+hematite vein in! lling fractures).
175.8 m:   Relict beds/laminae 2-6 mm, a few containing quartz clasts < 3 mm, at  
20 TCA.
220.0 m:   Monomictic chaotic in! ll-supported breccia vein with ~ 20 % rounded 
and quartz-pyrite veined metaconglomerate fragments < 7 cm in a pyrite (+trace 
sphalerite) hydrothermal sandstone in! ll (same proportion of sul! des as both 
sub-mm fragments and cement of the hydrothermal sandstone in! ll).   " e in! ll 
also includes or was later replaced by kaolinite, mostly along its irregular margins, 
















242.0 m:   Dickite(+kaolinite, pyrite) preferentially replaced some metaconglom-
erate clasts; other clasts, in particular quartz-rich clasts, are e' ectively unaltered 
except within a few mm of clast margins.  
295.0 m:   Quartz veins in core chips have kaolinite selvages (not halos, as normally 
observed) < 1 mm, and sericite and/or clay halos over several cm.  
406.2 m:   Specular hematite-quartz-pyrite+/-chalcopyrite veins with magnetite 
halos several cm into biotite(+chlorite)-altered wallrock, at ~ 15 TCA and 80-90 
TCA.  " ese were cross-cut by sparse chalcopyrite veins < 0.5 mm.  


















490.0 - 585.0 m:   Interval containing ~ 10 % quartz-specularite veins 
(+/-pyrite,chalcopyrite) with magnetite halos.  (Also note quartz-specular hematite 
veins at 406.2 and 686.0m.) 
510.2 m:   Planar laminated quartz-pyrite vein 6 cm wide at 90 TCA.
528.1 m:   Chlorite a& er di' use biotite is associated with magnetite halos of quartz-
specularite veins.
529.3 m:   Quartz-chalcopyrite-pyrite-hematite veins without halos were cross-cut 
by specular hematite veins with magnetite halos.  
544.0 - 545.0 m:   ~ 1m interval (with gradational contacts) super! cially resembles 
a shear zone, from multiple parallel laminated quartz veins to sub-mm veinlets at 
~ 40-46 TCA.
547.0 m:   Monomictic rotated to in-situ fragment-supported breccia vein 7 cm 
wide with 80 % angular biotite-altered metasiltstone-metasandstone (wallrock) 
fragments 2-4 cm and 20 % weakly quartz-sericite-altered hydrothermal sand-
stone-mudstone in! ll.  upper contact and lower contact are planar and parallel at 
40 TCA.  " e breccia vein was cross-cut by two generations of quartz-pyrite veins 
< 1 cm.  
561.6 - 564.8 m:   Intervals [561.6-562.0] and [564.4-564.8] are crowded weakly 
sericite+chlorite-altered hornblende+plagioclase-phyric porphyry dykes with 
subhedral chlorite-replaced hornblende phenocrysts < 1.5 mm and subhedral lath 
to rounded plagioclase phenocrysts < 1 mm with weak foliation parallel to sharp 
planar contacts at 38-50 TCA.  hornblende phenocrysts are more abundant than 
plagioclase phenocrysts.  " e dykes are weakly magnetic with < 1 % ! nely dissemi-
nated chalcopyrite associated with biotite patches to stringers, especially within a 
few cm of contacts with wallrock.  
564.4 m:   Sharp and planar upper contact of porphyry dyke at 48 TCA has 
cross-cut both quartz-biotite veins (with sericite halos) and quartz-pyrite veins in 
wallrock.  
566.3 m:   Quartz veins with specularite-chalcopyrite at centre, magnetite-chlorite 
halos a few cm. 
559.0 m:   Orange carbonate (wrongly identi! ed by the author as a possible mix of 
sericite+hematite) veins < 4 mm wide cross-cut quartz-specularite veins.
563.3 - 585.0 m:   Several planar laminated quartz-specularite+/-chalcopyrite-pyrite 
veins with < 15 cm wide with magnetite halos a few cm wide.  Some veins contain a 
weakly magnetic combination of specular hematite and magnetite.  Most veins are 
at 5-15  TCA.
569.3 m:   In pyrite-chalcopyrite veins that have cross-cut quartz-specular hematite 
veins (with magnetite halos), at mm to cm scale, chalcopyrite is most common 
where the wallrock host is a hematite vein; pyrite is more common where the wall-
rock host is magnetite-altered metasedimentary rock.    
602.0 m:   Very ! nely disseminated molybdenite in dark clay-! lled gouge (possibly 
degraded core, originally sul! de veins?).
634.7 m:   sericite-chlorite-altered ! ne-grained (< 1 mm) plagioclase+hornblende-
phyric porphyry dyke 2-4 cm wide with sharp undulating contacts at 50-80 TCA.  
plagioclase phenocrysts are more abundant than hornblende phenocrysts in this 
interval.  
640.0 m:   Biotite alteration occurs as wide halos in intervals containing < ~ 30 % 
biotite. 
662.7 m:   Pitted quartz-pyrite veins with trace very ! nely disseminated molyb-
denite 6-9 mm at 70-80 TCA were cross-cut by thin pyrite+/-quartz veins with 
sericite halos several cm wide at 20 TCA.
686.0 m:   Laminated quartz-pyrite-specularite vein 5.5 cm at 85 TCA, cross-cut by 
pyrite veinlet < 0.5 mm.
700.0 m:   Dark biotite-altered hornblende+plagioclase-phyric porphyry dyke 6 cm 
wide with 5 % ! nely disseminated chalcopyrite in groundmass (none in wallrock).  
Most phenocrysts are < 1 mm, plagioclase phenocrysts sericite+chlorite-altered, 
hornblende biotite+chlorite-replaced.   Foliation is parallel to near-planar contacts 
at 30 TCA.  upper contact is a 2-3 cm quartz veins breccia with orthoclase-al-
















708.4 m:   Monomictic chaotic fragment-supported breccia vein 4.5 cm with 70 
% fragments of biotite-altered wallrock (variably quartz-veined) 0.5-1.4 cm in a 
biotite (+ trace very ! nely disseminated chalcopyrite) cement replaced (?) by so&  
white sericite (?) mostly at margins of in! ll.  upper contact is sharp and irregular at 
~ 50 TCA, lower contact has been cross-cut by a laminated and pitted quartz-pyrite 
vein at 74 TCA.  
740.0 m:   A few pitted and laminated quartz-pyrite veins at ~ 80 TCA.  
795.0 m:   Centimetre-scale patchy chlorite alteration (a& er di' use biotite) is as-
sociated with early irregular/undulating quartz veins.















975.8 m:   Downhole change from biotite-dominant to sericite-dominant alteration 
occurs over < 1 m.  " ere is no visible change in host protolith or fault density at or 
near this transition.  
975.9 m:   Quartz-pyrite stockwork with wide sericite halos, some veins containing 
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Spectrum ID numbers 
(Appendix G)
177 310.7 Muscovite 2249.1 333, 334
199 48.8 Muscovite Kaolinite 1410.4 326, 327
199 123.9 Illite Paragonite Montmorillonite 1411.4 348, 349
199 154.9 Dickite Kaolinite 1482.8 1414.4 030, 031
199 155.3 Kaolinite Dickite 1414.3 131, 132
199 225.3 Kaolinite 1479.0 1414.6 339, 340
199 253.7 Illite Kaolinite Muscovite 1413.3 014, 015
199 269.8 Muscovite Kaolinite Kaolinite 1414.0 341, 342
301 115.7 K Alunite 1478.3 1427.5 226, 227
301 150.0 Pyrophyllite K Alunite Kaolinite 1478.8 1393.7 123,124, 152, 153, 154
301 239.0 K Alunite 1479.0 1428.4 324, 325 
301 253.5 Kaolinite K Alunite 1478.3 1394.1 2230.1 331 , 350
301 256.4 K Alunite 1478.7 1428.7 332
301 258.3 K Alunite Kaolinite 1480.2 337, 338
301 263.2 K Alunite 1481.0 328, 329
301 270.8 K Alunite 1481.1 258, 259
301 295.0 Pyrophyllite K Alunite 1480.5 1393.7 343, 344
301 296.0 K Alunite 1484.3 2233.5 345, 346, 347 
301 299.3 K Alunite 1482.3 223, 224
301 299.9 K Alunite Kaolinite 1479.5 1429.8 330
301 315.6 K Alunite 1482.3 208 , 209
301 317.2 Kaolinite Muscovite Dickite Kaolinite Dickite 1414.4 039, 040
301 353.8 Dickite Kaolinite 1475.7 1414.2 335, 336
321 51.0 Dickite K Alunite 1478.8 1414.4 369, 370
321 395.0 Paragonite Kaolinite 1478.6 1412.7 146
321 395.0 Paragonite Kaolinite 1480.7 1412.4 2233.0 351, 352
321 467.7 Muscovite K Alunite 1478.6 1410.4 147, 148
























Spectrum ID numbers 
(Appendix G)
321 612.0 Kaolinite 1478.0 1414.3 359, 360, 361
321 711.0 Kaolinite 1476.5 1414.1 2232.6 358
321 812.2 Biotite 1392.9 2246.0 367
321 877.9 Biotite 1483.9 1395.0 2245.2 353
321 949.4 Montmorillonite FeMgChlorite 1475.6 1413.1 2248.2 368
323 404.0 1414.4 2248.1 188
337 157.7 Dickite 1482.4 1414.5 2234.5 364, 365
337 158.0 Kaolinite 1481.4 1414.7 2231.8 354, 355
337 310.0 1481.7 1428.7 2233.4 366
337 593.7 Kaolinite 1414.5 041
337 768.7 FeMgChlorite Montmorillonite 1480.0 1413.3 2247.6 362, 363
337 804.0 Montmorillonite Phlogopite 1413.0 2246.5 144
337 991.5 FeChlorite Kaolinite 1411.9 2251.5 091, 233
337 1220.2 1493.1 1398.6 2249.2 313
337 1242.4 1491.6 1405.9 2251.6 135
342 1203.0 FeChlorite Montmorillonite Siderite 1478.6 1411.0 2252.5 150, 151, 384
342 1276.0 FeMgChlorite Illite 1478.9 1408.2 2249.4 028
347 190.0 Kaolinite 1489.4 1414.4 382, 383
347 200.0 K Alunite Kaolinite 1478.7 1427.9 379, 380
347 231.5 K Alunite Kaolinite 1479.5 1414.6 371, 372
347 259.5 K Alunite 1480.3 145
347 395.0 Kaolinite 1477.1 1414.6 2232.7 373, 374
347 483.1 Muscovite 1491.2 1409.9 377, 378
347 669.3 Kaolinite 1414.5 2245.3 149
347 732.4 Montmorillonite Phlogopite 1414.7 2247.4 376
347 805.9 1427.9 099
347 836.0 MgChlorite Phlogopite 1395.2 2249.5 375
347 854.2 Biotite 1488.0 1416.9 2249.6 381, 398
347 1075.0 1414.1 2245.9 066
347 1120.4 Biotite 1485.5 1394.6 2248.1 067, 068
349 50.0 Kaolinite K Alunite 1478.6 1395.0 046, 391, 392
349 106.4 Paragonite Kaolinite Dickite 1488.5 1413.0 386, 387
349 196.4 Montmorillonite Kaolinite 1477.4 1414.5 385 
349 260.6 Montmorillonite Muscovite 1475.5 1414.0 2230.8 020, 021
349 260.6 Kaolinite FeMgChlorite 1414.1 2232.7 033, 034, 117
349 365.7 1490.3 1395.1 2241.4 395
349 387.7 Biotite 1486.5 1395.4 2245.5 389, 390
349 423.4 Muscovite Phlogopite 1488.5 1415.2 2243.9 394
349 425.6 Biotite Montmorillonite 1488.4 1414.9 2244.0 393
349 468.5 Paragonite Montmorillonite 1489.7 2239.1 397
349 519.0 Biotite Montmorillonite 1475.3 1413.9 2246.5 388, 396
























Spectrum ID numbers 
(Appendix G)
377 335.6 Kaolinite Dickite 1491.7 1414.7 2232.3 308
377 507.8 Kaolinite FeMgChlorite 1483.5 1414.2 2248.6 320 , 321 
377 761.0 Actinolite MgChlorite Biotite 1479.1 1393.5 073, 166
377 843.0 Biotite Actinolite Muscovite Montmorillonite 1412.3 317, 318, 319 
377 887.0 Actinolite 1481.6 1393.5 2247.5 323
377 910.0 MgChlorite Talc 1475.8 1393.3 2244.7 315
377 1171.5 085
377 1205.0 1413.4 095
377 1210.0 1493.0 1409.0 2236.4 109
377 1306.6 1413.8 310 
377 1310.0 Muscovite FeMgCarbonate 1483.3 1411.5 056, 057, 120
377 1342.3 1412.1 2250.7 098
377 1358.2 1477.5 1412.6 2248.2 314
377 1365.0 Kaolinite 1477.1 1413.5 2251.1 027, 049, 050, 128
377 1365.5 1493.4 1422.4 2255.1 309
377 1380.0 Muscovite 1410.7 2248.0 110
377 1399.0 Muscovite Kaolinite 1490.4 1414.6 306
377 1403.5 FeMgChlorite Kaolinite Muscovite 1477.6 1413.8 2249.3 304, 305
377 1433.5 Kaolinite Muscovite 1478.4 1413.7 097
377 1452.5 Muscovite Kaolinite 1477.6 1413.5 2252.9 311, 312
377 1453.4 Muscovite Kaolinite 1413.5 107 , 108, 307
377 1466.2 Muscovite Montmorillonite Kaolinite 1413.7 053, 054, 055
377 1472.7 Muscovite 1475.3 1411.0 2232.2 121
377 1479.9 Kaolinite FeMgChlorite Muscovite 1413.6 113, 114
377 1530.0 1492.0 1409.1 2256.2 129, 130
377 1549.0 1478.3 1405.8 2251.0 316
377 1581.2 1482.3 1412.5 2235.4 069, 070
377 1586.2 Muscovite 1412.2 096
377 1626.0 Montmorillonite Biotite 1412.7 2244.4 025, 026
377 1650.0 1482.6 1411.0 2249.6 322
377 1707.5 Biotite 1478.8 1395.7 2247.3 064, 065
377 1791.5 1491.5 1428.2 2261.2 138, 139
377 1825.2 Biotite Actinolite 1475.8 1393.4 2249.1 118, 119
377 1890.0 Actinolite 1490.2 1394.7 2268.5 220
392 150.2 FeMgChlorite Zoisite 1478.2 1395.9 2244.0 189, 190
392 193.7 MgChlorite Montmorillonite FeMgCarbonate 1414.1 2239.5 408, 409
392 235.4 FeMgChlorite Montmorillonite Muscovite FeMgCarbonate 1401.6 2245.8 405, 406
392 326.5 Muscovite FeMgCarbonate 1478.0 1409.7 411, 412
392 341.0 Paragonite 1478.2 1409.1 2235.4 407
392 369.0 Muscovite Montmorillonite FeMgCarbonate 1475.5 1411.2 401, 402
392 854.5 Kaolinite Muscovite Montmorillonite Kaolinite 1414.3 2245.1 420, 421, 422, 423, 424
























Spectrum ID numbers 
(Appendix G)
392 1038.0 Biotite Montmorillonite Kaolinite Montmorillonite 1477.7 1414.5 2245.3 404
392 1126.0 Biotite FeMgChlorite Muscovite 1477.0 1397.0 2247.2 262, 263
392 1164.8 1492.4 1395.1 2248.1 255
392 1268.5 Biotite 1491.3 2248.4 264
392 1277.1 Biotite 1492.7 1391.6 2247.8 203 , 204
392 1281.5 Kaolinite 1485.1 1414.8 2241.0 022
392 1431.7 Kaolinite 1490.6 1413.3 2251.0 403
392 1495.8 1475.4 2232.5 176 
392 1528.5 1475.8 1413.5 102
392 1546.3 Muscovite FeMgCarbonate 1475.8 1412.5 083, 169
392 1635.5 Magnesium Clays 1478.8 1413.2 2245.1 192
392 1662.6 Biotite 2246.8 060, 061, 141
392 1662.8 Biotite Muscovite 1488.5 1396.1 2245.1 080, 081
392 1673.3 Biotite Muscovite 1478.6 1391.7 2245.5 413, 414, 415
392 1699.2 Montmorillonite Biotite Muscovite 1412.8 104, 416, 417
392 1728.3 Muscovite 1476.2 1411.1 180
392 1790.0 1475.5 1413.8 2244.6 024
392 1824.6 Biotite Muscovite Montmorillonite Montmorillonite Muscovite 1483.9 1414.8 2246.8 076, 077, 078, 079, 175
392 1851.5 1475.3 1417.5 2245.8 032, 052, 410
392 1879.0 Actinolite Biotite 1484.0 1394.3 2251.4 197, 198, 199
392 1891.0 Biotite Actinolite FeMgChlorite 1481.4 2244.7 200, 201, 202
393 138.8 Kaolinite Muscovite 1414.5 2230.8 300, 301, 302, 303
396 44.0 MgChlorite Actinolite 1475.7 1394.8 2248.9 193, 194
396 92.0 1395.3 2246.9 103
396 214.9 Actinolite MgChlorite 1395.1 2264.9 285
396 284.7 MgChlorite Montmorillonite 1484.2 1395.4 2263.7 074, 075, 183
396 479.0 FeMgChlorite Biotite 1485.1 1397.2 2248.4 282
396 674.8 Muscovite Montmorillonite Kaolinite Montmorillonite 1413.9 2232.9 284
396 869.9 Illite FeMgChlorite Muscovite 1409.4 2247.7 295, 296
396 912.3 FeMgChlorite Kaolinite Muscovite Muscovite Kaolinite 1413.6 2247.2 286, 287, 288
396 975.8 Kaolinite Phlogopite Muscovite 1414.1 2245.4 172
396 1167.3 Magnesium Clays 1477.3 1394.9 2243.8 292, 293
396 1189.2 Actinolite Biotite 1395.1 2267.1 090, 170
396 1226.3 Magnesium Clays Montmorillonite 1414.0 2242.1 187
396 1259.7 1491.8 1395.1 2246.5 294
396 1300.0 Biotite Muscovite 1477.7 1404.6 2248.9 298, 299
396 1303.0 FeMgChlorite Montmorillonite 1476.0 1412.5 2251.9 289
396 1309.0 Kaolinite Montmorillonite Muscovite Muscovite 1477.2 1403.2 2250.5 029, 142, 143
396 1315.8 2254.2 011
396 1320.4 Montmorillonite Paragonite Muscovite Siderite 1412.6 2230.6 093, 178, 179
396 1339.7 MgChlorite Montmorillonite 1414.5 2233.7 019
























Spectrum ID numbers 
(Appendix G)
396 1466.8 Biotite Montmorillonite 1485.1 1397.7 2246.7 283
396 1489.5 Montmorillonite Kaolinite 1414.3 2233.4 082, 173
396 1501.0 Biotite Montmorillonite 1485.4 1412.6 2232.7 058, 059, 163, 164
397 74.2 Paragonite Montmorillonite Muscovite FeMgCarbonate 1407.6 2245.0 035, 036, 037, 038, 215, 216, 217, 218, 219
397 117.8 MgChlorite Muscovite Actinolite 1406.8 2247.9 251, 252
397 119.6 FeMgChlorite Illite FeMgCarbonate 1409.0 2248.2 221, 222, 225
397 123.0 MgChlorite Illite FeMgCarbonate 1475.4 1410.1 042, 044, 045
397 123.5 MgChlorite Muscovite Illite FeMgCarbonate 1478.4 1407.9 2246.9 246, 247, 248
397 271.0 MgChlorite Montmorillonite 1399.5 2248.9 088, 089, 167
397 353.2 1486.8 1394.4 2251.2 237
397 395.0 1492.3 1429.1 2235.3 260
397 396.0 Calcite 1487.4 2232.9 230, 231, 232 
397 759.0 MgChlorite Illite Montmorillonite Illite 1412.8 016, 017
397 983.4 1395.5 2245.7 195,196
397 987.0 Biotite Montmorillonite Montmorillonite 1475.7 1396.3 2246.6 212, 213
397 1025.0 Biotite Muscovite 1483.4 1394.2 2246.8 235, 236 
397 1026.5 Biotite Kaolinite 1492.8 1392.4 2247.7 205, 206, 207
397 1037.5 Biotite Montmorillonite Illite 1475.7 1411.5 2246.6 094, 161, 162
397 1051.8 1488.7 1410.8 2249.0 214
397 1055.0 1410.7 2253.4 023
397 1068.0 FeMgChlorite Muscovite 1488.1 1410.5 2254.5 228, 229
397 1093.5 Muscovite 0.0 0.0 0.0 086, 087, 171, 210
397 1111.4 1411.9 2252.1 111
397 1119.4 2266.9 010
397 1124.0 FeChlorite Muscovite 1476.3 1410.1 2255.5 181, 184
397 1138.0 2249.1 001, 002, 003, 004
397 1195.7 Muscovite Phlogopite 1410.9 2246.1 112 
397 1206.3 2245.9 005, 006, 007, 009, 140
397 1209.5 Biotite Muscovite Kaolinite 1414.1 2246.3 256, 257
397 1221.4 Biotite 1475.1 1396.5 2247.0 101
397 1359.3 1476.2 2248.2 115, 116, 127
397 1361.0 1411.7 2246.4 051, 100
398 44.7 1428.1 2231.3 239, 240
398 51.4 1487.2 1416.4 244, 245
398 90.3 1488.1 1415.9 2232.4 243
398 101.0 Kaolinite 1492.1 1428.1 2231.9 271
398 118.4 1476.9 1414.9 2231.2 211
398 150.5 K Alunite 1477.7 1427.5 047, 048, 125, 155, 156, 157
398 153.3 K Alunite Kaolinite Kaolinite 1478.8 1428.3 2232.0 018
398 153.5 K Alunite 1478.9 1428.7 2230.1 062, 063, 126
398 168.0 K Alunite 1479.6 1428.1 2231.7 234
























Spectrum ID numbers 
(Appendix G)
398 220.0 Kaolinite Dickite K Alunite 1478.1 1414.8 290, 291
398 232.4 K Alunite K Alunite 1478.8 1414.0 2232.0 265 , 266
398 255.8 Kaolinite Muscovite Paragonite 1414.2 2232.6 071, 072, 174
398 272.6 1475.8 1415.1 2269.9 012
398 297.0 Kaolinite 1493.2 1414.6 270
398 313.3 Kaolinite 1475.6 1414.3 2250.3 272, 273
398 335.2 1491.1 1402.0 2252.5 133, 134
398 358.9 Kaolinite 1413.8 2232.8 267, 268, 269
398 441.6 1477.2 1425.8 2245.4 191
398 517.0 Biotite 1391.6 2247.1 274 
398 711.6 Biotite 1487.3 1393.4 2245.8 238
398 730.0 Paragonite Muscovite Kaolinite 1410.1 249, 250
398 817.5 Kaolinite Muscovite Pyrophyllite 1394.5 241, 242
402 44.4 K Alunite 1481.1 280, 281
402 220.0 2231.9 275, 276
402 547.0 Biotite 1478.7 1405.2 2246.0 418
402 559.0 Kaolinite Phlogopite FeMgCarbonate 1477.5 1414.5 2247.1 277, 278, 279
402 564.4 Biotite Kaolinite 1478.3 1394.5 2245.8 185, 186
402 566.3 Biotite 1491.6 1394.7 2245.4 136, 137, 160
402 569.3 Biotite 1493.0 1394.2 2249.8 105, 106, 158, 159
402 657.0 Biotite Biotite 1395.9 2244.7 182
402 700.0 Biotite Montmorillonite 1476.8 1412.4 2243.4 168
402 807.5 Kaolinite 1477.5 1415.7 2231.4 092, 165
402 921.2 Biotite 1493.1 1426.1 419, 420
